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A B ST R A C T
Bishop Creek, located in east-central California on the eastern side of the 
Sierra Nevada supports fauna and flora th a t otherwise could not exist. There 
are approxim ately 3000 meters of relief in the Bishop Creek watershed. The 
headwaters of the  creek originate from three man-made lakes, s ituated  a t 2790 
to 2975 meters above sea level. During its course, diverted w ater from Bishop 
Creek flows through a series of five hydroelectric power plants, resulting in 
streamflow th a t is less than  th a t expected under natural conditions much of the 
year. Stream  diversion for hydroelectric power production m ay have adverse 
effects on the riparian community. An isotopic study was employed to better 
understand the hydrology of the basin, estim ate the volume of ground-water 
input along diverted reaches of Bishop Creek, and determine the sources of water 
to different tree species a t various times of the growing season.
Sampling of both fresh and integrated snow during January  and April, 1988 
show relative enrichments in both and <5D values in snow for April. This 
was prim arily due to  the removal of isotopically lighter snow during melting 
periods and an influx of isotopically heavier snow during the w arm er spring 
m onths. The average <5D value of the snowpack sampled for April 1988 is -158 
°/oo. T ribu tary  w aters th a t flow into the headw ater lakes of Bishop Creek have 
an average 5D  value of -131 °/oo for April 1988. Ground w ater sampled from 
the Bishop Creek basin during 1986-1987 have an average 5D  value of -133 °/oo. 
From  in terpreta tion  of the isotope d a ta  it was concluded th a t snowmelt 
infiltrated the  ground surface and displaced ground w ater into the tribu tary  
stream s. Summer precipitation 8 D values collected in 1988 have an unweighted 
average of -67 °/oo. An isotopic balance provides a rough estim ate th a t 75% of 
the ground w ater is from w inter precipitation in the basin.
Bishop Creek was divided into 7 reaches and ground-w ater discharge was 
estim ated using an isotopic-mass balance equation. Average 8 D values of lake 
headwaters are 10-15 °/oo more enriched relative to ground-w ater 8 D values. Iso­
topic shifts to  more negative 8 D values along Bishop Creek occurred during low 
flow conditions for 1986-1987. This was especially true for reaches found at 
higher elevations. Isotopic shifts were not detected during high streamflow 
periods because ground-water input was insignificant to surface w ater flow. In 
July and October, 1987, diverted reaches showed a range of ground-w ater input 
from zero to  0.054 m3/s . Total flow through the gaining reaches varied from
0.018 to  0.135 m3/s .
The 8 D values for various tree species along the riparian corridor and on a 
hillslope above the stream  were, on the average, more depleted than  possible 
w ater sources. Testing of the laboratory m ethod of cottonwood trees along a 
wash in Southern Nevada showed th a t this was partly  due to  the length of the 
distillation tim e of the tree sample. However, variations in the 8 D values of the 
tree samples along the wash varied by as much as 14 °/oo. This was probably a 
result of either biological fractionation of the w ater by the p lant or differences in 
w ater source.
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1IN T R O D U C T IO N
In riparian  environments, w ater is the fundam ental base on which the 
ecosystem rests. Changes in streamflow due to  m an-m ade diversion projects 
beyond th a t a ttribu tab le  to  natural streamflow variation can affect the riparian 
com m unity. Reservoirs and  diversions temper high flow periods (i.e. spring snow 
melt) th a t recharge stream  banks. This may lower the w ater table near the 
creek below the root level of some plant species creating a water stressed 
environm ent th a t could decrease the concentration of vegetation in this zone, or 
in extreme cases, destroy the ecosystem altogether. D estruction of the riparian 
vegetation zone can cause stream  channels to  become unstable and sediment load 
to increase, thereby decreasing w ater quality. R iparian vegetation also provides 
protection and food for a wide variety of animal species. In desert areas most of 
the wildlife species require a riparian environment a t some stage of their life 
cycle. R iparian environm ents are also used for recreational purposes. In 1983, 
C alifornia’s Inyo National Forest, which includes Bishop Creek, received over 7 
million recreational visits (Kondolf et al, 1987).
The study area is located in east-central California. Bishop Creek, like 
o ther stream s draining the east side of the Sierra Nevada, supports fauna and 
flora th a t would otherwise not exist in the desert climate of this region. South­
ern California Edison (SCE) has been diverting w ater from Bishop Creek for 
hydroelectric power since the tu rn  of the century. Recently there has been con­
cern as to w hat adverse effects stream  diversion has on the riparian community. 
A t the present time there is no required minimum flow th a t m ust be released
2from the hydroelectric power plants to the natural channel. As a result, during 
much of the year streamflow is less than expected under natural conditions.
O bjectives
The objectives of this research are to:
1. Determine the relation between precipitation and ground w ater/surface waters 
in the watershed.
2. E stim ate the volume of ground-water input along diverted reaches of Bishop 
Creek.
3. Determine source(s) of w ater to  different tree species at various times of the 
growing season.
To achieve these objectives, field sampling of snow, surface and ground waters, 
soil water, and tree xylem w ater was conducted. The stable isotopic ratios of 
hydrogen were analyzed for all samples, and oxygen (180 / 160 ) for
selected samples. Snow samples were collected near the lake areas and where 
available at lower elevations. Snow is the m ajor form of precipitation and main­
tains lake-water levels through the year. An isotopic analysis of snow provides a 
better understanding of the relationship between precipitation and surface 
waters.
V irtually all flow in Bishop Creek originates from three alpine lakes. There­
fore, an isotopic analysis of outflow from the lakes provides an isotopic signature 
for surface w ater inpu t to Bishop Creek. G round-water sampling from available
3springs and wells provides an average isotopic signature for subsurface flow to 
the stream . Stream  samples were taken along Bishop Creek to  determine how 
the isotopic composition changes downstream. Stream  discharges were deter­
mined by modified flume field measurements. From  stable isotopes and 
streamflow data , an isotopic-mass balance of ground-w ater inpu t to the stream  
a t different reaches can be assessed. Electrical conductivity measurements were 
taken to  support or refute in terpretations of the isotope data.
Tree core sampling of various species was conducted and the w ater was 
analyzed for deuterium content. Soil w ater was also analyzed because it can be 
a significant source of w ater to  the trees. By knowing the respective isotopic 
compositions for soil water, surface waters, and ground water, the source 
water(s) for the vegetation m ay be determined. V ariations w ith respect to tree 
species, tim e of year, and distance from creek may be detected to  give a better 
understanding of how plants deal w ith w ater stress.
Previous Studies
Interest in the riparian environm ent as a natural resource has produced a 
large quan tity  of published literature in recent years. A  good overview of prob­
lems and future management and conservation strategies of riparian systems can 
be found in W arner and Hendrix (1984). W ork done on riparian systems by 
measuring various biological param eters (Taylor, 1982) and streamflow measure­
ments (Kondolf et al, 1987) implied th a t plant stress due to  changes in 
streamflow is related to the local hydrologic conditions, which in tu rn  depends 
prim arily on the geomorphic setting.
C urrently  there are several investigators studying the riparian environment
4and hydrology of Bishop Creek under funding from Southern California Edison. 
SEA Inc. is utilizing aerial photographs along w ith  field reconnaissance and 
stream  gauging to  study  geologic controls on streamflow (Bowen, 1988). The 
Desert Research Institu te  has two centers analyzing the watershed. The Biologi­
cal Sciences Center is conducting a  detailed study  of the riparian vegetation, 
assessing changes along the corridor (Nachlinger, personal communication, 1988). 
The research presented here has been conducted through the W ater Resources 
Center. Prelim inary work by the W ater Resources Center and the Departm ent 
of Biological Sciences, U niversity of Nevada, Las Vegas determined th a t surface 
and ground-waters in the Bishop Creek watershed have unique isotopic signa­
tures (Hess and Smith, 1987). This work has been combined w ith other research 
funded by SCE and integrated into a riparian vegetation response model being 
developed by Systech Engineering, Inc. (Chen et al., 1987). These studies will be 
im portan t in future planning and management of riparian  systems where poten­
tial stress is created by stream  diversion projects.
5EN V IR O N M EN TA L SET T IN G  
G eography
Bishop Creek is located in east-central California on the eastern flank of the 
Sierra Nevada (Fig. 1). The headwaters of the creek originate from three man- 
made lakes, situated  a t 2790 to 2975 meters above sea level. The stream s from 
these lakes converge and the creek eventually flows into Owens Valley, at an 
a ltitude of about 1300 meters. During its course diverted w ater from Bishop 
Creek flows through a series of five hydroelectric power plants. The length of 
Bishop Creek is 24 kilometers and the to tal watershed area encompasses about 
400 square kilometers.
H ydroelectric Pow er Production  On Bishop Creek
In 1904 several power companies announced plans to  construct a series of 
five hydroelectric power plants along Bishop Creek (Kahrl, 1982). The original 
purpose of these power plants was to provide electricity for the mining towns of 
Tonopah and Goldfield, Nevada. Over the next nine years the headw ater lake 
reservoirs and power plants were built. Power P lan t 4 was the first to  generate 
electricity, in 1905. By 1913, the creek was fully developed. Today, the electri­
city provided by Bishop Creek is sent to the main power grid to be used as 
needed. A t this time no further diversion projects along Bishop Creek are 
planned.
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Figure 1. Location map of Bishop Creek, California.
7Figure 2 shows the Bishop Creek area complete w ith headwaters, power 
plants, in take ponds and penstocks. Diversion begins on the South Fork 
upstream  of Four Jeffrey Cam pground. The South Fork Intake diverts most of 
the stream  w ater to  Intake 2, on the Middle Fork. Intake 2 is dammed and 
w ater from there is transported  via penstock to  the hydroelectric power plants 
downstream. In addition, there is also a penstock th a t diverts a relatively 
insignificant am ount of w ater from Birch and McGee Creeks located ju s t to  the 
west. A  relatively small am ount of w ater is allowed to flow from the South 
Fork In take and Intake 2 to  their respective channels.
Downstream of Intake 2 is a series of five hydroelectric power plants. W ater 
diverted upstream  into the penstock flows through the turbines a t each power 
plant and in to  an adjacent intake pond. W ater in the ponds is sent by penstock 
to  each power p lant. A small am ount of w ater flows out of each intake pond 
into the natu ra l channel. Outflow to the natural channel is measured by a 
flume. Diverted w ater is placed back in the natural channel downstream of 
Power P lan t 6. W ater is then used for irrigation in Owens Valley. A  minimum 
flow rate of 3 m3/s  is required by law during the growing season for agriculture. 
There are no minimum flow requirements the rest of the year.
C lim ate and V egetation
The east side of the Sierra Nevada lies in a rainshadow, and is therefore 
much drier than  the west side of the range. Most storm s originate over the 
Pacific Ocean and move inland up the western side of the m ountain range, cool­
ing adiabatically, producing precipitation. On the average, approxim ately 90% 
of the moisture falls on the west side and the remaining 10% on the east side of
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Figure 2. Bishop Creek, California, study area.
9the crest (Smith et al, 1979). P recipitation is much lower in the  summer than in 
the winter. This is due to  a high pressure cell th a t dom inates the area during the 
w arm er m onths, deflecting or dissipating larger storm s. In the late autum n, the 
high pressure cell m igrates southw ard, allowing more storm s to  infiltrate the 
area during the w inter and spring.
There are approxim ately 3000 meters of relief in the Bishop Creek 
watershed. There is a m arked change in the climate w ith altitude. Table 1 
shows average yearly tem perature and precipitation values for a high elevation 
and low elevation station  in the study  area. The Bishop Control station receives 
less precipitation and experiences higher tem peratures than  South Lake. Bishop 
Control is located a t Power P lan t 5 and is characterized by a cold desert climate. 
V egetation is prim arily wood rose, shrub willow, and black cottonwood along 
the creek. As expected, average precipitation increases and tem perature 
decreases w ith elevation. This results in floral changes, both along the creek and 
in the upland areas. The headw ater lakes area is a sub-alpine environment, with 
lodgepole pine and aspen the dom inant tree species. There are also cottonwood 
and birch trees present. Shrubs include willow and dogwood. The hillslopes are 
covered w ith  sagebrush and m ountain mahogany, w ith  aspen in drainage chan­
nels and spring areas.
The environm ent where stream  diversion takes place is prim arily in a tran ­
sition zone between these two environm ental extremes. A t 2000 meters, Jeffrey 
pine, as well as w ater birch and black cottonwood, become common along the 
stream . The dom inant bushes are rose and willow. Pinon pine occurs on the 
upland terrain. A t 2500 meters, aspen appears, as well as scattered tree willow, 
while Jeffrey pine, m ountain mahogany, and juniper occur on the terrace and 
upland areas.
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TABLE 1. AVERAGE YEARLY TEM PERA TU RE AND PRECIPITA TIO N  
VALUES, BISHOP CREEK W ATERSHED, CALIFORNIA, (DATA OBTAINED 
FRO M  SCE)
Location Altitude (m)
Temperature ( 0 C) 
max min Precipitation (cm)
Bishop Control 1460 22 6 16.3
South Lake 2975 11 -3 44.2
The vegetation type is not only dependent on elevation, bu t also on the ter­
rain. M any of the m ountain slopes are steep with poorly developed soil. As a 
result, little vegetation can exist. The w idth of the riparian zone is partly  con­
trolled by the terrain as well. The upland reaches of the creek often occur in 
steep narrow canyons. This decreases the area available to  vegetation th a t 
require the creek to survive. Steep m ountain slopes also create landslides and 
snow avalanches th a t can damage forested stands.
P recip itation  D ata  For B ishop Creek, 1985-1987
Table 2 shows precipitation am ounts for w ater years 1986 and 1987 at 
South Lake and Bishop Control. The w ater year 1986 was a wet year. The 
basin received at least one and a half times the precipitation of a normal year. 
The w ater year 1987 was a dry year, receiving only 60% of norm al at South 
Lake and about 25% of normal a t Bishop Control. This provided an opportun­
ity  to  detect changes in the isotopic d a ta  from wet to dry years and possible 
stresses th a t result. A lthough exact values of precipitation for 1988 released from 
SCE are not yet available, it has been estimated a t 35% of normal. This would 
result in precipitation values of approxim ately 6 cm and 16 cm for Bishop Con­
trol and South Lake, respectively.
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TABLE 2. YEARLY PR EC IPITA TIO N  AMOUNTS (CM) FO R BISHOP CON­
TROL AND SOUTH LAKE, CALIFORNIA, FROM  1985-1986, AND 1986-1987 
(DATA OBTAINED FROM  SCE)
Location 1 0 /1 /85 -10 /1 /86 %  Normal 10 /1 /8 6 -1 0 /1 /8 7 %  Normal
Bishop Control 24.2 150 4.37 27
South Lake 79.0 179 26.2 60
G eology
Lithology
The principal lithologic unit in the Bishop Creek w atershed is plutonic rock 
of the Sierra Nevada B atholith  emplaced during the Cretaceous (Figure 3). The 
largest plutons are granitic rocks ranging from granodiorite to  quartz monzonite. 
There are also smaller plutons of older, darker rocks consisting of hornblende 
gabbro to  granodiorite. These rocks occur as inclusions and pendants in the 
more silicic plutons. Paleozoic m etasedim entary rocks occur in the area as roof 
pendants, inclusions, and septa. These consist of micaceous quartzite, pelitic 
hornfels, m etachert, marble, calc-hornfels, conglomerate, gneiss, and mica schist. 
They were derived from mio-geosynclinal sedim entary rocks such as shale, lime­
stone, sandstone, siltstone, and chert (Bateman, 1965). Mesozoic rocks of pri­
m arily volcanic origin are also found in the area. These occur w ithin the bathol­
ith  as metavolcanics of malic flows, tuffs, and shallow intrusives of andesitic and 
dacitic composition.
Volcanic rocks of late T ertiary  or early Pleistocene age are found 
throughout the regional area as dikes, necks, and flows of basaltic composition. 
Also present is the Bishop Tuff of Pleistocene age which crops out as the
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Volcanic Tableland northwest of Bishop and extends alm ost 100 kilometers to 
the north  under alluvium. Glacial deposits, also of Pleistocene age, are found in 
all the larger canyons north of Big Pine, prim arily as unstratified drift.
Rocks of the Sierra Nevada B atholith  and glacial deposits dom inate the 
surficial geology in the Bishop Creek watershed. The lithology near the headwa­
ters is prim arily granodiorite, w ith glacial till spotting the region. From  the lake 
regions to  the South Fork - Middle Fork confluence, stream  gradients are steep, 
erosion rates are high, and the riparian  w idth is relatively narrow. Below the 
confluence, to  the mountain-valley interface, quartz monzonite is the major plu- 
tonic rock, and glacial till is abundant along the creek and westward to the 
batholithic outcrop of the Tungsten Hills region. Glacial till is also prevalent on 
the upper reaches of Coyote Creek. Stream  gradients and erosion rates decrease 
towards Owens Valley, and depositional features increase. Alluvial fill forms a 
th in  layer along the creek’s upper reaches, bu t becomes the dom inant deposi­
tional feature downstream of Power P lan t 4.
Several large areas of Paleozoic metesedim entary rocks are also found in the 
study  area. The largest make up Coyote Ridge east of the South Fork. It con­
sists of various types of hornfels, quartzite, and marble. Evidence of compres- 
sional deform ation can be seen by north  to northwest trending folds in the pen­
dant. Paleozoic rem nants can also be found a t the northern end of Table Moun­
ta in  near the South Fork-M iddle Fork confluence, and in the high country east 
of Power P lan t 2. Volcanic rocks in the Bishop Creek drainage basin are uncom­
mon. A  volcanic outcrop of basaltic origin of late T ertiary  age exists near the 
confluence w ith Coyote Creek.
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Tectonic History
During late Precam brian to Paleozoic time, many thousands of meters of 
sedim entary deposits accum ulated in the Bishop D istrict. Beginning in the late 
Triassic the Pacific Oceanic P la te  was subducted beneath the North American 
P late. These compressional forces caused folding and metam orphism  of Paleo­
zoic and early Mesozoic rocks and caused the melting of granitic crustal material 
th a t would later form the Sierra Nevada Range. Contemporaneous with 
compression was extrusion of thick deposits of volcanic material (Bateman, 
1965).
D uring the T ertiary  the Pacific P late  moved northw ard, causing extensional 
faulting and uplift and downdropping of huge blocks in the earth ’s crust. This 
created the Basin and Range Province. The Sierra Nevada Range was uplifted, 
and the Owens Valley downdropped, to form a horst and graben structure. The 
Pleistocene is characterized by glaciation, creating large mounds of unstratified 
glacial drift which can be found in most of the larger canyons on the east side of 
the range.
Local H ydrogeology
The Bishop Creek ground-w ater basin boundaries are defined by assuming 
th a t ground-w ater flow is in the same general direction as surface w ater flow. 
This provides the estim ated ground-w ater divides to  the east and west of Bishop 
Creek. The crest of the Sierra Nevada Range is the ground-w ater boundary to 
the south  and southwest.
M ost precipitation falls as snow between December and late May. The study 
area receives approxim ately 85% of its recharge from spring snowmelt w aters
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(Fox, personal communication, 1988). Ground w ater and meltwater increase 
their discharge into tributaries and lakes from April or May, to  July or August. 
The duration and timing of high discharge rates depends on local tem perature 
conditions and the am ount of precipitation from the previous w inter and spring.
Table 3 shows the maximum storage capacities of the three lakes and the 
Birch-McGee diversion. South Lake and Lake Sabrina are the significant storage 
basins for hydroelectric power. Actual storage in these tw o reservoirs vary widely 
a t different times of the year. P rior to  spring melt, storage may be less than  1.2 
xlO6 m3 (1000 acre-feet), while in July  and August the reservoirs may be at max­
imum storage capacities. Differences in maximum and minimum storage are 
accentuated in the seasons following a wet winter. This is because reservoir 
outflow is increased prior to snowmelt to  accomodate the large volume of w ater 
th a t will discharge into the lakes.
TABLE 3. MAXIMUM STORAGE CAPACITIES OF LAKES AND BIRCH- 
M CGEE CREEK, BISHOP CREEK  W ATERSHED, CALIFORNIA (DATA 
OBTAINED FROM  SCE)
Reservoir Storage Capacity in m3 XlO6 (acre-feet)
Lake Sabrina 10.370 (8406)
South Lake 16.10 (13049)
North Lake 0.1715 (139)
Birch-McGee 0.2184 (177)
Streamflow in the natural channel of Bishop Creek varies greatly. Outflow 
from Lake Sabrina and South Lake m ay be as little as 0.14 m3/s  (5 cfs) in 
au tum n to well over 6 m3/s  (200 cfs) in July or A ugust. Streamflow from the
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power plants to  the natural channel can be as low as essentially zero to over 3 
m3/s  (100 cfs). Lack of streamflow measurements from power p lant outflow in 
the spring prevents quantifying high flow periods. There are no official records of 
streamflow from the power plants to the natu ra l channel. However, during high 
flow years, approxim ately 50% of Bishop Creek is diverted versus 95% of the 
stream  w ater in low flow years (Hess and Sm ith, 1987).
Coyote Creek is the only significant surface w ater inpu t to Bishop Creek 
besides w aters shown in Table 3. Coyote Creek is located between Power P lants 
3 and 4. For the w ater years 1977-1987 Coyote Creek discharge averaged 0.22 
m3/s  (8 cfs), w ith average m onthly discharge maximums occurring during the 
spring and base flow conditions occurring during late sum m er and autum n (see 
Appendix 1).
Coyote Creek discharge could be helpful in determining "natural base flow" 
for Bishop Creek. Coyote Creek does not have any m an-m ade reservoirs or diver­
sions to impede natural streamflow conditions. A lthough the relationship 
between discharge and drainage basin characteristics is complex, similarities 
between the geology and topography between the two basins could make the 
Coyote Creek basin a viable model of streamflow conditions for Bishop Creek 
before m an-m ade modifications were implemented. Coyote Creek discharge, 
from daily average measurements during the relatively low streamflow m onths of 
July through November over the w ater years 1977-1987, is 0.20 m3/s  (7 cfs). 
Assuming these flow data  are characteristic of long term average base flow condi­
tions for Coyote Creek, and the differences in the geology and topography are 
negligible between the two basins, then basin area is the prim ary factor deter­
mining base flow differences between the Coyote Creek and Bishop Creek basins. 
The Coyote Creek basin is approxim ately 98 km2 (38 mi2), one th ird  the size of 
the Bishop Creek basin, when term inated a t the junction w ith Coyote Creek.
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Based on this simple model, the average base flow for Bishop Creek under 
natural conditions should be three times th a t of Coyote Creek, or 0.6 m3/s  (21 
cfs).
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STA BLE EN VIR O N M EN TA L ISO TO PES  
Introduction
Isotopes are two or more forms of an element th a t have the same atomic 
num ber bu t different atomic weights. Common stable isotopes used in hydrolo­
gic studies include hydrogen (2H or D, 1H), oxygen (180 ,  ieO), and carbon (13C, 
12C). Hydrogen and oxygen are especially useful because they make up the w ater 
molecule. They are therefore considered to  be conservative tracers and are pri­
m arily used to determine mixing and sources of w ater. Table 4 shows the rela­
tive abundances of the stable isotopes of hydrogen and oxygen in nature. For 
m ost studies 170  is ignored due to  its negligible concentration.
TABLE 4. AVERAGE TERRESTRIAL ABUNDANCE OF THE STABLE ISO­
TO PES OF HYDROGEN AND OXYGEN (FROM  FREEZE AND CHERRY, 
1979)
Element Isotope Abundance ( %)
Hydrogen *H 99.984
D 0.016
Oxygen 160 99.76
170 0.04
is0 0.20
The concentration of deuterium and oxygen-18 in a particular w ater is 
dependent on hydrologic processes. Phase changes cause fractionation in the iso­
topic ratios due to differences in mass and energy. Deuterium and oxygen-18
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have lower vapor pressures than  protium  (1H) and oxygen-16, respectively. Thus, 
during reactions where phase changes occur (i.e. condensation, evaporation) the 
heavier isotopes will tend to concentrate in the lower energy state  (Fritz and 
Fontes, 1980).
The concentration of deuterium  and oxygen-18 are norm ally not measured 
in absolute term s but are instead reported as a value relative to  a known stan­
dard. This value, delta (<5), is defined as:
s x =  R sm - R ,t  X 1 0 [ ) 0
^■st
where X  =  D or lsO, Rsm =  180 / 160  or D /!H of the sample and Rst =  180 / 160  
or D /1!! of the standard . The standard  is V-SMOW (Vienna S tandard Mean 
Ocean W ater) which is nearly identical to  SMOW (S tandard  M ean Ocean W ater) 
as defined by Craig (1961). The delta values are given in parts per thousand, or 
permil.
Isotope reactions are tem perature dependent and under equilibrium condi­
tions follow the law of mass action. This law expresses the relative concentra­
tions of reactants and products in terms of an equilibrium constant, K. The 
equilibrium constant is directly related to the isotope fractionation effect during 
an isotope exchange reaction:
a  =  K 1/"
where a  is the fractionation factor and n is the num ber of atom s exchanged. In 
monoatomic reactions, oc =  K.
Isotope fractionation effects can thus be w ritten  for a reaction A —► B:
Ra
a A-B  =  -5—
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or by substitu ting  delta:
1000 +  SA 
aA~B ~  1000 +  5b
For low tem perature systems, a  is close to one. However, the fractionation 
factor increases w ith decreasing tem perature. As a result, the tem perature at 
which phase changes occur play a key role in the isotopic composition of the 
various species. The equilibrium fractionation factor between the liquid-vapor, 
and the ice-vapor systems for 180  and D, and between m any other species of 
geochemical interest a t various tem peratures have been determined. For a compi­
lation of these see Friedm an and O’Neil (1977).
Stable Isotopes in the H ydrologic Cycle
In 1961, H. Craig published a paper of plotted <5D vs. <5180  values from over 
400 precipitation, river, and lake samples around the world. F or the m ajority of 
samples the enrichment of deuterium  is eight times th a t of oxygen-18, resulting 
in the equation:
8 D =  8<S180  +  10
The slope of 8 is expected when fractionation occurs under equilibrium condi­
tions and the product is instantaneously removed (Dansgaard, 1964). W aters 
acquired by Craig th a t plotted off the slope were lakes th a t occurred in closed 
basins where evaporation processes were dom inant. It has been assumed tha t 
condensation generally occurs under equilibrium conditions while evaporation 
does not.
Nonequilibrium fractionation occurs during evaporation when the air above
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the w ater body is not saturated . During nonequilibrium processes, there are 
kinetic effects resulting in a larger fractionation of 180  relative to  D because of 
mass differences. This results in slopes of 3-6 on 8 D vs <5180  plots. In environ­
ments where the adjacent air body is close to satu ration  and tem peratures are 
relatively low, evaporation proceeds more slowly. The slower the evaporation 
rate, the more the 8 D vs. 8180  slope shifts to eight, and thus equilibrium condi­
tions (Craig and Gordon, 1965).
The u ltim ate source of precipitation is derived from the evaporation of 
ocean w ater. The ocean w ater standard  (V-SMOW) closely agrees w ith the actual 
concentration of deuterium  and oxygen-18 averaged throughout the oceans. By 
definition, 8 D and 5180  values of V-SMOW equals zero. Evaporation from the 
ocean surface produces a vapor phase th a t is relatively depleted w ith respect to 
ocean w ater. Thus most natural waters have negative 8 D and <5180  values.
As oceanic vapor moves over a continent, the heavier isotopes will preferen­
tially concentrate into the liquid or solid phase during precipitation. This will 
leave a more depleted vapor phase over time. In addition, the tem perature effect 
will also influence the isotopic composition of the various phases as discussed. 
The tem perature and the "evolution of the system" causes general trends in pre­
cipitation:
1. C ontinental effect - as distance from source increases, depletion increases.
2. Latitude effect - precipitation becomes more depleted away from the equator.
3. Seasonal effect - w inter precipitation is more depleted than sum m er precipita­
tion.
4. A ltitude effect - depletion increases as a ltitude increases.
5. Amount effect - during a single storm , depletion increases as the storm
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progresses.
W ater is subject to  fractionation during all phases of the hydrologic cycle. 
Precipitation becomes enriched upon condensation relative to  the vapor phase. 
Evaporation is the m ajor fractionation process occurring in surface and soil 
w aters. This will enrich surface and soil waters until penetration of the ground 
surface below the level of evaporative effects occurs. Under most natural condi­
tions, ground w ater m aintains the isotopic signature of the recharge water. 
Exceptions to  this are in geothermal areas where oxygen can be exchanged 
between w ater and the form ation (Back and Hanshaw, 1965), and during 
"ultrafiltration", which can occur in clay sediments where deuterium  is selectively 
removed from ground w ater. U ltrafiltration normally requires not only the right 
form ation conditions, bu t also great depths and long residence times (Fritz and 
Fontes, 1980).
In conclusion, isotopic fractionation during phase changes creates often 
creates differences in the isotopic composition of various types of waters. The 
isotopic composition of w ater is measured by a mass spectrom eter. Once data 
are collected and analyzed, interpretations can be made concerning the hydrology 
of the watershed.
Stable Isotopes In Trees
A pplications of stable isotopes in vegetative studies include w ater sources, 
transpira tion  rates, and paleoenvironment interpretations. Much of this work 
has been done w ith trees, bu t there is also an abundance of literature on a wide 
variety  of agricultural plants. The biophysics of w ater transport in plants is 
complex. Fractionation could conceivably occur a t any one or more of the steps 
between w ater uptake and either transpiration or assimilation into woody
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m aterial. Therefore, it is necessary to  understand the basic mechanisms involved 
in p lan t metabolism.
A tree has four m ajor layers which can be observed in cross-section. From 
the outside in, these are the bark, phloem, new xylem, and old xylem (heart- 
wood). There are no sharp boundaries between these layers. They are gradational 
and tend to  be more mixed in younger, smaller plants. W ater moves into plant 
roots by hydrostatic pressure. The new xylem is responsible for carrying w ater 
and its dissolved constituents (mineral salts) up the trunk. The phloem layer is 
relatively th in  and transports downward products from photosynthesis. These 
products include carbohydrates, amino acids, and amides in solution. The heart- 
wood part of the tree is relatively inactive, basically made up of "dead" xylem.
M any investigators have analyzed the deuterium and oxygen-18 content of 
various parts of plants to  determine possible fractionation effects and where they 
occur. E arly  work by W ashburn and Sm ith (1934) using density measurement 
techniques found leaf w ater in willow trees to  be denser than  adjacent river 
w ater. Later studies using mass spectrom etry techniques showed th a t leaf water 
is enriched relative to  available w ater sources. This has been a ttribu ted  to  frac­
tionation, prim arily from transp ira tion  off the leaf surface (Gonfiantini et al, 
1965; Farris and S train, 1978).
Ziegler et al (1976) and Wershaw et al (1966) found there to  be little or no 
fractionation by the root tissue during w ater uptake. Ziegler worked w ith agri­
cultural plants such as spinach and beans, whereas Wershaw used various types 
of trees for his study. These investigators also studied xylem w ater and found 
enrichments relative to  the w ater source. It was suggested this was due to  con­
tam ination by phloem water, which contains the more enriched w ater from the 
leaf areas subjected to transpiration. In some studies, (W hite et al, 1985; Kolter-
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mann, 1984) it appears th a t careful sampling of only the xylem parts  of the 
trunk  yields non-fractionated samples. O ther studies, (Szecsody, 1982; Ingra­
ham , 1988) have shown more ambiguous results.
Isotope studies on carbon-bound hydrogen and oxygen in cellulose have 
been used in paloenvironmental studies. The origin of the oxygen in cellulose is 
derived from w ater and carbon dioxide from photosynthesis. The hydrogen is 
derived from w ater. As discussed earlier, the isotopic ratios of D /H  and 180 / 160  
in precipitation changes in response to  tem perature. Investigators, such as Libby 
et al (1976), Epstein et al (1977), and Yapp and Epstein (1982), have studied iso­
topic ratios of tree rings to develop paleotem perature records.
Samples collected in this study prim arily represent new xylem. Heartwood 
may have been collected from some trees, especially small diam eter trees. How­
ever, the large m ajority  of the wood collected, even from the smaller trees is 
thought to  be new xylem and therefore the isotopic signature of the tree waters 
should reflect values th a t stem from w ater uptake over a recent period. W hite et 
al (1985), showed th a t w ater sampled from new xylem reflected a residence time 
of approxim ately 5-7 days, while heartwood w ater was an integration of w ater 
from a longer, bu t undetermined am ount of time. Szecsody (1982) attem pted to 
determine the residence time of w ater in the heartwood using tr itia ted  w ater bu t 
was unsuccessful. It is probable th a t w ater is stored in the heartwood portion of 
the tree for no longer th an  1-2 years.
25
M ETHODS A N D  PR O C ED U R ES  
Field M ethods
Surface W ater and G round-W ater Sampling
Figure 4 shows the locations of surface and ground-w ater samples taken 
along Bishop Creek. Samples were collected on May 28-30, 1986, July  21-23, 
1986, September 27-28, 1986, July 20-22, 1987, and October 2-3, 1987. The loca­
tions shown in Figure 4 m ay not have been sampled every trip, since some loca­
tions were added during the course of the project.
A t each location, measurements of w ater tem perature and electrical conduc­
tiv ity  were taken. A  w ater sample was then collected in a 10 milliliter glass vial 
and tightly sealed w ith electrical tape to be analyzed for its stable isotopic com­
position. Between 23-32 surface w ater samples were collected during each sam­
pling run. Because virtually  all surface flow in Bishop Creek originates from the 
three lakes, each lake was sampled at the outflow for an average sta rting  surface 
w ater isotopic composition. Samples were collected immediately above, below, 
and at the penstock outflow to  the intake pond of each power p lant so th a t 
ground-water discharge into Bishop Creek could be estim ated. Samples were col­
lected along the creek to see how the isotopic signature of the creek changed 
between each power plant. Between 5-7 ground-w ater samples were collected 
during each sampling run to  determine its average isotopic composition. Four of 
these are springs and three are wells. All bu t one of the ground-water sites are 
located on the upper reaches of the creek.
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Figure 4. Location of sample sites a t Bishop Creek, California.
27
Streamflow measurements were taken on July 21, and October 2, 1987, by 
reading the stage height of the w ater In the modified flumes located on the Mid­
dle Fork, Coyote Creek, and a t the outflow to  the natural channel from each 
power p lan t intake pond. Discharge was determined by a flume table from the 
"W ater M easurement M anual" (1984), published by the U.S. B ureau of Reclama­
tion.
There are several advantages to  using stable isotopes for measuring 
ground-w ater discharge into Bishop Creek. This method does not alter the 
natural channel as the installation of additional gauging devices would. Further­
more, during low flow conditions the use of isotopes can be more accurate than 
flow meters. This is due to increased channel roughness and turbulen t flow con­
ditions associated w ith low w ater depths th a t decreases the accuracy of stream 
gauges.
P recipitation Sampling
Snow samples were collected on January  16-18, and April 13-15, 1988. The 
locations of the sample sites are shown in Figures 5 and 6. Both fresh and 
in tegrated  samples were collected to determine the isotopic composition of indivi­
dual storm  events and for a signature of average snowfall composition over time. 
During January  1988, integrated samples were collected from the lake areas 
down to  snowline at 2380 meters. A  snowstorm on the 17th provided fresh snow 
from the lake areas down to  snowline a t 1830 meters. Sampling in April was per­
formed to  collect samples from the final snowpack, which should be isotopically 
sim ilar to  m eltwaters th a t recharge the watershed. Lake tribu taries were sam­
pled to  determine how closely the snow values correlated w ith the meltwater 
values. For this thesis, the term  tribu tary  will be used to  define those surface
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w aters th a t flow in to  the headwater lakes in the Bishop Creek watershed. A 
snowstorm on the 15th of April provided fresh snow and was collected from the 
lake areas down to  snowline a t 1890 meters. Collecting fresh snow from both 
January  and April was done to  better determine the am ount of variation in the 
isotopic composition of snowfall events a t different times of the year.
Snow collection was achieved for integrated samples by pushing a 2.54 cen­
tim eter diameter PVC pipe vertically into the entire snowbank and then shaking 
the snow collected into a plastic jar. Fresh snow samples were collected by 
scooping fresh snow directly into a plastic ja r. These ja rs  were then taped and 
allowed to melt a t room tem perature. Upon melting the w ater was placed in a 
glass vial and sealed w ith electrical tape.
In addition, sum m er precipitation samples from Ju ly  through September 
1988, were collected a t Bishop Creek at an elevation of 2560 meters. Samples 
were collected from a rain gauge prom ptly after the precipitation event ceased to 
preclude significant evaporation of the sample. The samples were then placed in 
vials and sealed w ith electrical tape.
Tree W ater Sampling
Tree w ater samples were collected on July 21-22 and October 3, 1987, and 
July  10-11, 1988, a t two sites along Bishop Creek (Figure 7). The purpose was to 
determine the w ater sources for vegetation and determine if there was any frac­
tionation through p lant roots during uptake.
The upper site is located at Four Jeffrey Cam pground. Cottonwood 
(Populus trichocarpa) and birch (Betula occidentalis) trees were sampled along 
the riparian corridor. Four samples, two of each species, were collected adjacent 
to  the stream  bed. Also, four samples, two of each species, were collected in a
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dry channel near the active bed still w ithin the riparian corridor.
The lower site is located at Big Trees Cam pground. Here a transect upslope 
from the stream  was taken to detect isotopic changes in the vegetative waters 
w ith distance from stream . During July 1987, only Jeffrey pines (Pinus jeffreyi) 
were sampled. Four trees were selected, from adjacent to  the stream bed to 75 
meters above the stream  bed on the hillslope. In October 1987 and July 1988, 
the same Jeffrey pines were sampled, and adjacent pihon pines (Pinus mono- 
phylla) were also sampled to  detect species variation.
Samples were collected by using a brace and bit and drilling into the tree. 
The shavings from the bark were discarded, and the xylem was saved. These 
shavings were collected in a p in t mason ja r  th a t was immediately sealed with 
parafilm and electrical tape. The samples were kept cool and dark until they 
were analyzed in the laboratory.
Soil Sampling
Soil sampling was conducted on July 8-9, 1988. A t Big Trees Cam pground, 
soil samples were collected a t depth intervals of 20-40, 40-60, 60-80, and 80-100 
centimeters. All sites are located between the Jeffrey pine and pihon pine sam­
pled except a t stream side. A t streamside there were too m any large boulders 
present to penetrate the ground surface. Soil samples were collected at Four 
Jeffrey Cam pground a t depth intervals of 45-60 and 60-75 centimeters. Samples 
were also collected a t 30-45 and 45-60 centimeter depth intervals in the dry 
channel.
Soil pits were dug using a pick, shovel, and a four inch hand sand auger. 
Soil samples were collected at various depths to  detect possible changes in the 
isotopic composition of w ater through the soil column. Soils were placed in a
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quart m ason ja r  and sealed w ith parafilm and electrical tape. The samples were 
kept cool until they could be analyzed in the laboratory.
L aboratory M ethods
Introduction
Snow, lake, soil, and ground-w ater samples were analyzed for their deu­
terium  and 180  content. Stream  and tree w ater samples were analyzed for deu­
terium . In addition, a select num ber of stream  samples were analyzed for 180  
content to  determine where they plotted on the meteoric w ater line. W ater from 
soil and tree samples was removed by distillation. All distillations and isotopic 
analyses were conducted a t the Desert Research Institu te, W ater Resources 
Center, in Las Vegas, Nevada.
Soil W ater Distillation
Soil samples were placed in flasks under vacuum  and heated to 2600 C to 
drive off all w ater. The w ater vapor collected on a condensation cylinder filled 
w ith liquid nitrogen. The nitrogen, a t -196 0 C, caused the vapor to  freeze to the 
side of the cylinder. The flask th a t contained the soil remained relatively cool 
until the w ater evaporated. A fter the w ater evaporated, the flask became hot. A t 
this point, the heat source was turned off and the condensation cylinder was 
allowed to  return  to room tem perature. When the cylinder warmed, the ice 
melted in to  a collection flask. The last few drops norm ally clung to the cylinder. 
Several milliliters of w ater were collected for each sample. Soil distillation took 
from 4-6 hours to complete.
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Tree W ater D istillation
D istillation for tree cuttings is very similar to th a t of soil distillation. How­
ever, tree w aters were only heated to 1600 C due to the high w ater content found 
in the tree cores. High heat could release too much w ater vapor at one time, pos­
sibly causing it to  escape through the vacuum  system and fractionating the sam­
ple. Tree core samples were much smaller than  the soil samples, which resulted 
in less w ater collected in the flask. D istillation time was about two hours.
Stable Isotope Analysis
The m ethod used for isolating oxygen from a w ater sample can be found in 
D ugan et al, (1985), which produces C 0 2 gas. The C 0 2 gas was then analyzed 
using a  Finnigan Delta-E gas ratio  mass spectrometer. The m ethod used for 
removing hydrogen from a w ater sample is discussed in Friedm an, (1953). The 
hydrogen gas was analyzed using a Nuclide 3-60-HD gas ratio mass spectrometer. 
Laboratory errors for 6 D and 5180  values are ±  1 °/oo and ±  0.3 °/oo, respec­
tively. Sources of error are from preparation of the gas to be analyzed and from 
machine precision.
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PR E C ISIO N  O F TREE CO RE DISTILLATIO N
An experiment was conducted to determine the precision of the lab distilla­
tion method. Five cottonwood trees were sampled along Flam ingo W ash, in the 
Las Vegas Valley, Nevada, on October 11, 1988. The trees selected were in close 
approxim ity to  each other. Cottonwood 1 was a juvenile, the others were adults 
of similar size. Tree shavings for each tree were divided into three parts and dis­
tilled for three different time periods. The results are shown in Table 5.
TABLE 5. <5D VALUES (% o) FOR D IFFER EN T DISTILLATION TIMES 
FO R COTTONW OOD TREES ALONG FLAMINGO WASH, LAS VEGAS, 
NEVADA
Tree 2 hours 6 hours 10 hours
cottonwood 1 -110 -108 -108
cottonwood 2 -113 -116 -115
cottonwood 3 -111 -103 -102
cottonwood 4 -109 -103 -104
cottonwood 5 -107 -106 -105
Average -110 -107 -107
Standard Deviation (± ) 4 5 5
A lthough the s tandard  deviations for each distillation time is similar, the 
average 5D  value for the two hour distillation time is significantly different from 
the longer distillation times. The data  .of two out of five samples show 5 D
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enrichments from two hours to  longer distillation times. The <5D values of each 
individual tree for six and ten hour distillation times is w ithin lab measurement 
error. This indicates th a t there is no air contam ination of the vacuum system. 
Thus, this m ethod seems reliable for distillation times of at least six hours. From 
the table it is clear th a t shorter distillation times can have inaccurate results. 
This is probably due to  incomplete distillation of the sample. Because deuterium 
has a lower vapor pressure than  protium , it will tend to remain in the wood cut­
tings and the w ater in the collection flask will be fractionated.
There is also a wide variation in 5 D values between individual trees. Even 
at the longer distillation times, the <5D values vary by as much as 14 °/oo 
between trees. Because the cottonwoods occur along the same wash and nearby 
each other, they should be drawing on the same w ater source. Thus, they 
should have the same isotopic composition. However, the da ta  indicate th a t the 
trees are tapping different w ater sources, or there is biological fractionation of 
the w ater by the cottonwood trees. In either case, the results displayed in Table 
5 are real, and are related to  either length of distillation or differences between 
individual trees.
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RESU LTS OF PR E C IP IT A T IO N , SU R FA C E /G R O U N D -W A T E R  DATA  
Local M eteoric W ater Line
Figure 8 shows the local meteoric w ater line plotting w inter precipitation, 
ground-w ater, lake and tribu tary  w ater samples from the Bishop Creek 
watershed. The resultant equation is:
<5 D =  8.0<518O +  6
The slope of the equation agrees w ith the meteoric w ater line (Craig, 1961), frac­
tionation under equilibrium conditions. The y-intercept of 6 indicates less 
kinetic effects in the system as compared to  the meteoric w ater line. Inclusion of 
sum m er precipitation samples into the dataset causes a slight decrease in the 
slope of the local meteoric w ater line (Figure 9). The equation becomes:
<5D =  7.7<5180  +  0
The decrease in slope is probably the result of partial evaporation and isotopic 
exchange between the raindrops and the atmosphere during precipitation events.
Fresh Snow D ata
The isotope d a ta  of fresh snow samples are shown in Appendices 2A and 
2B. Fresh snow <5D values range from -229 °/oo to  -173 °/oo for a storm  event 
on January  17, 1988. A lthough Friedm an and Sm ith (1970) found no clear rela­
tion between snow 8 D values w ith altitude on the east side of the Sierra Nevada
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Range, this storm  shows a 5D  decrease of nearly 50 ° /o o  per 1000 meter increase 
in elevation. Sm ith et al (1979) determined a 5D  decrease of nearly 40 ° /o o  per 
1000 meters for snow on the west side of the Sierras. The <5180  values decrease 
4.9 ° /o o  per 1000 meters. Figure 10 shows the 8 D values versus elevation for 
fresh snow for both  January  and April 1988 in the Bishop Creek basin. The 
<5180  values show a sim ilar trend. Interestingly, April snow 5D  d a ta  show an 
increase w ith increasing altitude. This could be because snow on the upper parts 
of the basin was collected on different days than  snow collected a t lower eleva­
tions. The snow collected on separate days m ay have been from different storms, 
and thus, different origins for different sampling days. The 8 D values of fresh 
snow collected during April range from -201 ° /o o  to  -127 ° /o o  and <5180  values 
range from -25.8 ° /o o  to  -16.0 ° /o o .
Integrated Snow  D ata
Appendices 2A and 2B show the isotope da ta  of integrated snow samples 
collected for this study. Figure 11 shows <5D values versus elevation of 
integrated snow for January  and April 1988. There are no clear trends of 5D  
values w ith  elevation. January  integrated snow £D  values range from -189 ° /o o  
to -169 ° /o o  w ith  an average of -180 ° /o o . The <5180  da ta  for January  integrated 
snow samples show a sim ilar trend. April integrated snow 8 D values range from 
-171 ° /o o  to  -139 ° /o o  w ith an average of -158 ° /o o . April snow samples were only 
collected from the lake areas due to low precipitation th a t w inter and subsequent 
melting of the snowpack at lower elevations. January  integrated snow <5180  
values range from -24.6 ° /o o  to -22.6 ° /o o  w ith an average value of -23.5 ° /o o . 
April integrated snow <5180  values range from -21.3 ° /o o  to -17.5 ° /o o  w ith an 
average value of -20.4 ° /o o . It is clear th a t from January  to April there is a
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significant isotopic enrichm ent of the snowpack.
Sum m er P recip itation  D ata
Appendix 3 shows the isotope da ta  of sum m er precipitation for the sam­
pling period. The num ber of summer precipitation samples collected is limited 
to  precipitation events th a t occurred between July 20 and September 20, 1988. 
They were acquired from a rain gauge located a t an elevation of 2560 meters at 
Bishop Creek. The <SD values of summer precipitation range from -133 ° /o o  to 
-24 ° /o o  for rain samples w ith an average <5D value of -67 ° /o o . The <5180  values 
range from -17.7 ° /o o  to -3.1 ° /o o  w ith an average <5180  value of -9.3 ° /o o . Since 
m any of the precipitation am ounts were not available, these are not weighted 
averages. However, it is clear th a t summer rain input is much more enriched 
th an  w inter precipitation. In addition, an early snowstorm  was collected on Sep­
tem ber 20, 1988, and has a <5 D value of -122 ° /o o  and a <5180  value of -17.1 °/o o .
T ributary W ater D ata
Appendix 2B shows the isotope da ta  of trib u ta ry  w aters collected for this 
study. T ribu tary  w aters are those stream s th a t flow into the headwater lakes. 
T ribu tary  w ater 5D  values collected in April range from -139 ° /o o  to  -126 ° /o o .  
Theoretically, tr ib u ta ry  w ater compositions should depend prim arily on the 
elevation range it flows through. W aters th a t begin a t a higher altitude will 
incorporate relatively more depleted water, resulting in lower <5D values for the 
tribu tary . However, integrated snow <SD values collected during this project do 
not show any clear trends in the isotope d a ta  w ith elevation. The average 5 D 
value for trib u ta ry  w aters is -131 ° /o o . This is an enrichment of 27 ° /o o  from 
April integrated snow 8 D values.
44
Lake W ater/G rou n d -W ater D ata
Stable Isotope D ata
Appendix 4 shows the 8 D and <5180  values of samples collected in 1986 and 
1987. The headw ater lakes and intake ponds provide average surface w ater <5D 
values of -123°/oo, -122°/oo, and -121°/oo, for May, July, and September, respec­
tively. Average ground-water <5D values from springs and wells are -134°/oo, 
-133°/oo, and -131°/oo, for May, July, and September, respectively. The 
difference between surface and ground w aters is approxim ately 10 °/oo, which is 
significant a t better than  1% at the 95% confidence interval. The cause for this 
difference is uncertain. It could be due to  evaporation approaching equilibrium 
conditions off the lake w ater surface, or it could be due to  sum m er precipitation 
falling directly on the lake.
For 1987 average 5D  values for lake and intake pond w aters were -120°/oo 
and -117°/oo for July and October, respectively. Average <5D values for ground 
w ater were -135°/oo and -133°/oo for July  and October, respectively. The 
difference between surface w aters and ground w ater is approxim ately 15 °/oo, 
which is significant a t better than  1% at the 95% confidence interval.
E lectrical C onductivity D ata
Appendix 4 shows electrical conductivity (EC) values of samples collected 
during the 1986-1987 season. Electrical conductivity values of the headwater 
lakes averaged 25 m icrom hos/cm  for the 1986-1987 sampling season. This value 
should reflect the average EC value of the tributaries. Electrical conductivity 
values of springs and wells average 130 m icromhos/cm . EC values are much
45
higher' for ground w ater due to  aquifer dissolution accompanied by relatively 
long residence times.
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RESULTS OF T R EE W A TER  D A T A  
Big T rees C am pground
Tree w ater and soil w ater <5 D da ta  for Big Trees Cam pground are shown in 
Tables 6 and 7. Stream  5 D values are -128 °/oo, -126 °/oo, and -131 °/oo for July 
and October 1987, and July 1988, respectively. No springs or wells are known to 
occur in the vicinity. Based on average 5 D values in the w atershed the ground­
w ater value should range from -133 °/oo to  -137 °/oo in this area.
The general trend of the tree w ater d a ta  is enrichment of <5D values 
upslope. This could be the result of trees relying heavily on lower soil water, or 
ground w ater, near the stream  where the w ater table lies near the surface, and 
progressively relying more on upper soil w ater upslope as the w ater table 
becomes unreachable by the roots. A problem with the Jeffrey pines is th a t many 
of them  are depleted relative to  any known soil w ater or ground-w ater isotopic 
composition. The depleted nature of the w ater may be a result of incomplete 
distillation of the wood sample. W ithout a  correction factor to eliminate the 
laboratory  error, interpretations are difficult.
The 5 D values of w ater distilled from pihon pines are all w ithin the range 
of known isotopic compositions of soil w ater and ground-w ater 6 D values in the 
Bishop Creek watershed. The isotopic da ta  clearly show a depletion from 
October 1987 to  July 1988. Disregarding any possible fractionation effects, the 
October samples may reflect soil w ater values, while the July <5D values reflect 
ground-w ater signatures. T hat is, in July the w ater table m ay be higher than  in
47
TABLE 6. 6 D VALUES (°/oo) AT BIG TREES CAMPGROUND, 1987-1988, 
BISHOP CREEK, CALIFORNIA
Tree
Elevation above .stream 
on slope (meters) July 1987 October 1987 July 1988
Jeffrey pine 1 -137 -146 -148
Jeffrey pine 10 -146 -142 -145
Jeffrey pine 40 -131 -126 -133
Jeffrey pine 75 -127 X -128
piiion pine 10 X -123 -132
pinon pine 40 X -124 -139
pinon pine 75 X -116 -138
TABLE 7. SOIL SAMPLES A T  BIG TREES CAMPGROUND, JULY 1988, 
BISHOP CREEK, CALIFORNIA
Elevation above stream  
on slope (meters) Soil depth (cm) 8 D value (permil)
10 20-40 -127
40-60 -132
60-80 -131
80-100 -128
40 20-40 -121
40-60 -125
60-80 -123
80-100 -126
75 20-40 -103
40-60 -118
60-80 -133
80-100 -127
48
October, allowing the roots to tap  into it. By October the ground-w ater table 
m ay drop below the root zone, forcing trees to  rely solely on available soil water. 
Since soil w ater is subject to  evaporation, this would result in more enriched 5 D 
values.
Generally, tree w ater samples are more depleted in July 1988, th an  adjacent 
soil samples. If laboratory fractionation effects are negligible, then in most cases 
the Jeffrey and pinon pines do not appear to  be relying on soil w ater. However, 
d a ta  analyzed here suggests th a t fractionation is occurring, a t least in the Jeffrey 
pine tree samples.
Four Jeffrey Cam pground
Results from July and October 1987, samplings are shown in Table 8. The 
<5 D values a t the campground for ground w ater are -137 °/oo and -135 °/oo for 
July and October, respectively. Stream samples a t the cam pground are -135 °/oo 
for both  July  and October. Surface w ater and ground-w ater values are essen­
tially the same due to the flow conditions from South Fork In take upstream 
from the site. Diversion a t the Intake results in low streamflow in the natural 
channel below the Intake. This w ater prim arily reflects the isotopic composition 
of the reservoir. Outflow from the  South Fork Intake to  the natural channel 
gains ground w ater. Due to  the initial low flow conditions, ground-water 
discharge to  the creek becomes the m ajor component, masking reservoir input. 
Therefore, stream  8 D values in this area reflect ground-w ater values.
Possible w ater sources for the riparian vegetation include stream  water, 
ground w ater, and /o r soil w ater. Soil w ater was not analyzed in detail in 1987 
but should be enriched relative to surface w ater/ground w ater due to  evapora­
tive effects and summer rain input. If birch and cottonwood trees do not frac­
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tionate w ater the isotopic signature of the tree w ater should reflect one or more 
of these sources. In addition, because both cottonwoods and the birch are 
phreatophytes, the isotopic values for both species should be similar at each sta­
tion.
TABLE 8. 8 D VALUES (°/oo) A T FOUR JE FFR E Y  CAMPGROUND, 1987 
BISHOP CREEK, CALIFORNIA
Tree
July
streamside
October
streamside
July 
drv channel
October 
drv channel
birch 1 -143 -140 -137 -135
birch 2 -151 -153 -153 -147
cottonwood 1 -134 -134 -131 -128
cottonwood 2 -143 -140 -142 -143
Cottonwood 1 (streamside) and birch 1 (dry channel) both  show isotopic 
values th a t reflect the ground w ater and stream  w ater. Cottonwood 1 (dry chan­
nel) shows a value th a t could be interpreted as a possible mix of stream  
w ater/ground w ater and soil w ater. However, most of the <5D values for the 
birch and cottonwood specimens are depleted relative to  the surrounding w ater 
sources. The same trees were sampled in July  1988. The results are shown in 
Tables 9 and 10.
The 8 D values of surface and ground w aters collected in July 1988 a t Four 
Jeffrey Cam pground are -134 °/oo and -136 °/oo, respectively. Again, the <5D 
values of tree waters are generally more depleted than  soil w ater or ground-water 
8 D values. Soil samples collected a t the site are isotopically similar or enriched 
compared to surface/ground-w ater 8 D values. Soil samples in the riparian corri­
dor a t stream side have 8 D values close to ground water. This is reasonable 
because the area is heavily vegetated and well-shaded. Therefore, evaporation
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rates should be low. Soil samples taken a t the edge of the corridor are not 
shaded, the soil is more sandy, and not nearly as vegetated. Consequently, <5D 
values show evaporative effects similar to  th a t found at Big Trees campground. 
Since soil samples are equal to  or enriched in deuterium  relative to  surface 
w ater/g round  w ater 8 D values, soil w ater cannot explain the depleted 8 D values 
of the tree w ater.
TABLE 9. 8 D VALUES (% o) A T  FOUR JEFFREY CAM PGROUND, JULY 
1988, BISHOP CREEK, CALIFORNIA
Tree streamside dry channel
birch 1 -145 -142
birch 2 -154 -156
cottonwood 1 -138 -139
cottonwood 2 -141 -144
TABLE 10. 8 D VALUES (°/oo) A T  FO UR JEFFREY CAMPGROUND, JULY 
1988, BISHOP CREEK, CALIFORNIA
Soil # Depth (cm) Streamside Depth (cm) Dry Channel
1 45-60 -133 30-45 -123
2 60-75 -138 45-60 -120
It is interesting to  note tha t the birch trees sampled were more depleted 
than  cottonwood trees. The birch tree 8 D values range from -135 °/oo to  -156 
°/oo w ith  an average value of -146°/oo. Cottonwood tree 5D  values range from 
-128 °/oo to -143 °/oo w ith an average value of -138 °/oo. There is not only a 
wide variation in 8 D values between individuals, bu t also between species.
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D ISC U SSIO N  OF PR E C IPIT A T IO N , SU R FA C E W A T E R / 
G R O U N D -W A TER  D A TA  
Isotopic V ariations In Precip itation
Figure 12 shows 8 D versus <5180  values for surface water, ground-water, and 
precipitation samples collected in 1988. W inter precipitation is isotopically more 
depleted than  sum m er precipitation. This difference is a result of tem perature 
effects on fractionation processes. As tem perature increases the fractionation 
during condensation of the vapor phase decreases, resulting in a greater concen­
tra tion  of deuterium  in the liquid or solid phase.
Figure 13 shows 8 D versus <5180  values for fresh and integrated snow sam­
ples. The isotopic composition of January  fresh snow collected on the 17th is 
more depleted than  April fresh snow collected on the 13-15th. This is probably 
due to  the tem perature a t which the vapor phase condensed. Since tem peratures 
in April normally are warm er than  tem peratures in January , the snowfall in 
April is relatively more enriched. It is clear th a t from January  to April there is 
a significant isotopic enrichment of the snowpack. This is probably due to  iso­
topically heavier snow accumulating in the basin during the spring relative to 
the colder m onths, and preferential removal of the lighter isotopes from the 
snowpack during melting periods. It has also been shown th a t a snowpack 
homogenizes fresh snowfall events over time. A  study done by Judy et al (1970) 
a ttribu ted  this prim arily to mixing resulting from the downward movement and 
refreezing of m eltw ater in the snowpack. In addition, a less im portant process is 
isotopic exchange between ice crystals and m eltwater. The am ount of homogeni-
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zation of integrated snow collected from snowpacks a t Bishop Creek due to  these 
processes is not known. Individual samples a t different depths of a snowpack at 
any given location were not collected. Each integrated snow sample was melted 
and completely mixed before analyzed.
Snow m elt Infiltration And Runoff
Stable Isotope D ata
The average <5D value for integrated snow collected in April 1988, is -158 
° /o o , and is thought to be a relatively good estim ate of of the average isotopic 
composition of w inter recharge waters. The average 8 D value of tribu tary  waters 
flowing in to  the headw ater lakes is -131 ° /o o . This apparent enrichment of 27 
° /o o  can not be accounted for by evaporation processes alone. A lthough w ater 
was not collected directly from the melting snowpack, other workers (ie. Stichler 
et al, 1981) have measured a  5 -6  ° /o o  enrichment in <5D values of the transition 
from snow to snowmelt from sub-alpine to  alpine environments. Furtherm ore, 
Figure 9 shows <5D versus <5180  values for tr ib u ta ry  waters and the local 
meteoric w ater line and these values plot right on the slope. E vaporation under 
nonequilibrium conditions would result in tr ib u ta ry  waters plotting off the 
meteoric w ater line due to  kinetic effects. Slow evaporation, approaching equili­
brium  conditions, would result in the tr ib u ta ry  w aters plotting on or near the 
meteoric w ater line.
From  Figure 14, it is clear th a t isotopically, tribu tary  waters plot directly 
over ground w ater. In fact, average delta values for tribu tary  waters are w ithin 
m easurem ent error of average delta values of ground w ater for both deuterium 
and oxygen-18. Studies done in the 1970’s by Dincer (1970), Sklash and Farvol-
55
CD
O \
000,
cn
L d
Ld
CN
XI Ld
LdXI
CN
CN
Q. Q. Q. O
<  <  CO _ l
o
CD
i—i
S
K
Ed
CU
CD
r H
I
£
Ed
O
X
X
O
<
E-1
Ed
Q
B
0 00 <M
^ S\ 3a <1 «
u * U 
3 w „ 
a 'J j l
>  r t  91
00 * S 3 U
1 bc a, o, 
2* < o60 rt
b  c .2
o 0 in
«  II g 3  -M01 U N
t j  „JJ oo 
3 On
2  0  rH
3  U icn n o  
U  00 00 V QJ a
> a.'" 
6.5
a  01 ^
s .  u> 1  «M 
b  U(8 91
6 
3  
u  
0)4*
3
U H ~3  3 0
* 3 ui® u
£  S  01
10 BNb (0 &6
m
01
J3
E
T)i ”0 
rH  91
b
91
0  
s
01 in 
*
w 2 1! b  b  h
3  60 3
b 0  91 0  .Sr-2 b 
A  B 60
3
3
(0
( i m n a d )  w n i n a i n a a  v n a a
56
den (1979), and M artinec (1974), among others, discovered the significance of 
ground w ater during spring snowmelt using isotopic analysis. These studies 
revealed th a t the prim ary component in tributaries is not direct snowmelt, but 
ra ther displaced ground water. As snowmelt infiltrates the ground surface in the 
spring, the  ground-w ater table is raised. The resultant increase in the hydraulic 
gradient causes an increase in ground-w ater discharge. Rodhe (1981), Bottom ly 
(1986), and Ingraham  and Taylor (in press), performed snowmelt studies in sub- 
alpine to  alpine environments located in Sweden, Canada, and California, respec­
tively, and found th a t the ground-w ater contribution to  m ountain stream s was 
between 50-90% of to tal flow during spring discharge. The lower end of ground­
w ater contributions is during peak melt. A t this time, the ground surface begins 
to  become sa tu ra ted  near discharge points, resulting in overland flow.
In the Bishop Creek w atershed for d a ta  collected in this study, it appears 
th a t v irtually  all w ater in the tributaries for 1988 was displaced ground water. 
Considering th a t precipitation on the east side of the Sierra Nevada Range is 
relatively low for an alpine system due to orogenic effects, and th a t the w inter of 
1987-88 was only 35% of normal, this is a reasonable conclusion. The problem 
faced here is the use of one year’s da ta  on a system th a t may have an integra­
tion of w ater from a longer period of time. If the isotopic signatures of precipi­
ta tion  vary  from year to year, mixing of several years w orth of w ater may be 
discharging into the tributaries.
O ther isotope d a ta  from snow in the Bishop Creek area is limited to  a few 
samples collected by Friedm an and Sm ith (1970) and Smith et al (1979), during 
their regional study  on the Sierra Nevada Range. Table 6 shows the average <5D 
values of integrated snow core samples collected in the spring of various years at 
different altitudes collected by other authors and from this study.
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TABLE 11. APRIL INTEGRATED SNOW  6 D VALUES A T BISHOP CREEK, 
CALIFORNIA, FO R D IFFER EN T YEARS (FROM FRIEDM AN AND SMITH 
1970, SMITH ET AL 1979, AND THIS STUDY)
Location Elevation 1969 1970 1971 1988
Bishop Creek 2475 -159
Bishop Park 2530 -116 -135
Lake Sabrina 2790 -157
North Lake 2820 -139
South Lake 2975 -168
Bishop Pass 3415 -158 -133 -138
From  the table it is clear th a t 5D  values exhibit a wide range from year to year. 
This is a  result of the origin of dom inant storm  events and the tem perature at 
which the vapor is condensed and precipitated.
Electrical Conductivity D ata
Electrical conductivity values of the headwater lakes sam pled averaged 25 
m icrom hos/cm  for the 1986-1987 sampling season. This value should reflect the 
average EC value for the tributaries. However, springs and wells average 130 
m icrom hos/cm  over the same period. This may a t first seem to contradict the 
hypothesis th a t tribu tary  w ater is nearly all ground water. However, EC values 
of ground w ater depend on several factors. These include residence time and for­
m ation lithology. Because trib u ta ry  discharge to  the lakes is a t a very high alti­
tude, the residence time of w ater in the subsurface is probably much shorter 
than  for ground w ater a t lower elevations. The lithology ground w ater flows 
through is also im portant. The spring found between Power P lan ts 5 and 6 has 
much higher EC values than  springs and wells found further up the basin. The
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lithology between Power P lan ts  5 and 6 is alluvium, which is more easily dis­
solved th an  granitic rocks located in the upper basin. Thus, the form ation lithol­
ogy and the short residence time causes EC values to  remain low in' the upper 
basin, and as a result the EC  of the headw ater lakes remain low.
R echarge T o The B ishop Creek W atershed
The stable isotopic composition of ground w ater in the Bishop Creek basin 
is thought to  be a mixture of the isotopic composition of yearly precipitation 
events over several w ater years. From  the average 8 D values for rain and 
integrated snow samples collected in 1988, w inter precipitation accounts for 
approxim ately 75% of the recharge to  Bishop Creek basin. However, this value is 
not very precise due to  the variation in average integrated snow 5 D values from 
year to  year. A nother im portan t consideration is th a t sum m er precipitation <5D 
values are not weighted averages. In sub-alpine and desert climates, there may 
be several precipitation events during the summer season bu t often only one or 
two of these storm s will produce appreciable am ounts of precipitation. Further­
more, snowstorms th a t occur in late summer and early autum n, as well as late 
spring have more enriched isotopic compositions th an  w inter precipitation but 
are not incorporated into the w inter snowpack, or fall after the collection of 
integrated snow cores has been done. These storm s can be significant in the 
am ount of precipitation they produce relative to sum m er rains. Also, due to the 
lower tem peratures, evaporation before infiltration of the snowfall events will be 
less th an  th a t of summer rains. Therefore, snowfall events from early autum n 
and late spring may contribute a significant am ount of w ater to  recharge relative 
to  sum m er rains. This may be an im portan t consideration if average isotopic 
values were to be used in calculating recharge w ater origins for a basin.
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SU R FA C E W A T E R /G R O U N D -W A T E R  IN T E R A C TIO N S A LO N G  
BISHOP CREEK  
Stable Isotopes
Introduction
Figure 15 shows the reaches analyzed for this study. G round-water 
discharge into Bishop Creek was analyzed at each of the diverted reaches using 
the stable isotope deuterium . The technique involves two equations, relating flow 
and isotopic ratios:
Qt(<5 D t) =  Qg(5 Dg) +  Qs(<5 Ds) (1)
Qt =  Qg +  Qs (2)
where
Qs =  initial surface w ater input in cubic meters per second (m3/s)
Qg =  ground-w ater inpu t in m3/s  
Q t =  to ta l flow in m3/s
6 Ds =  delta deuterium  value of outflow at intake 
8 Dg =  delta deuterium  value of ground w ater 
8 D t =  delta deuterium  value of total flow
There are two unknowns, Qg and Qt. M ultiplying equation 2 by <5Dt and sub­
tracting equation 2 from equation 1 results in:
Qg(<5 Dg) +  Qs(<5 Ds) =  Qg(<5Dt) +  Qs(<5Dt) (3)
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Figure 15. D iverted reaches along Bishop Creek, California.
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Solving for Qg:
Qg =  Qs ((<5 Dt - 8 Ds)/{8 Dg - 8 Dt)) (4)
Once Qg is known Qt can be determined by using equation 1.
Initial surface w ater flow (Qs) was measured by the stage height of the 
w ater flowing through a flume below the intake ponds adjacent to the power 
plants for Reaches 3, 4, 6, and 7. Qs was determined for Reach 5 by gauging 
stream  inpu t from Coyote Creek by a flume and adding th a t to  Qt determined 
for Reach 4. Reach 2 has a flume between Intake 2 and the confluence w ith the 
South Fork of Bishop Creek. There are no streamflow gauging devices on Reach 
1 or the upper portion of Reach 2. Qt is the to tal flow of w ater in the natural 
channel ju s t upstream  of each respective intake pond for Reaches 3, 5, 6, and 7. 
In the cases of Reaches 1 and 2 (see Figure 15) it is located ju s t above the 
confluence of the  two forks. For Reach 4 Q t is located at the confluence w ith 
Coyote Creek. 8 Ds and 8 D t are samples collected a t Qs and Qt, respectively. 
8 Dg is an average of w ater samples taken of springs and wells.
There are two prim ary sources of error in measuring ground-water discharge 
using the isotopic-mass balance equation. One is the ability to  accurately gauge 
Qs through the  flume. For flows with a stage height greater than  or equal to  6 
centimeters, an error of 10% is considered a conservative estim ate (Richard 
French, personal communication, 1988). For flows w ith a stage height of less 
than  6 centimeters, problems may occur due to  w ater possibly not going through 
critical depth. Therefore, for stage heights less than  6 centimeters, a 20% error 
is assigned. A nother source for error involves the 8 D values. Due to lab errors of 
±  1 ° /o o , very large errors can .result when isotopic shifts are less than  5 ° /o o .  
The error contributed by this factor decreases as the isotopic shift increases from 
Qs to  Qt.
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To quantify ground-w ater influx into Bishop Creek, three conditions are 
required:
1. Stable isotope values of surface w ater must be significantly different from 
ground w ater.
2. G round-w ater influx m ust be significant relative to stream  flow to create an 
isotopic shift.
3. Initial flow rate m ust be known for the reach of the creek to  be analyzed.
It should be pointed out th a t stable isotope analysis can not distinguish 
between stable or losing reaches because neither condition results in an isotopic 
shift. Also, results will be misleading if a reach first loses w ater to the ground, 
and then gains ground w ater between Qs and Qt. In all the isotopic-mass bal­
ance com putations for gaining reaches, it is assumed th a t the loss of w ater to the 
ground is insignificant. It is also assumed th a t interflow to the stream  is 
insignificant, and th a t there is complete mixing of ground-w ater discharge with 
the stream  water.
G round-W ater Discharge Along Bishop Creek
Figures 16-18 show <SD values along Bishop Creek for May, July, and Sep­
tem ber 1986. Surface w ater <5D values along the creek did not change 
significantly in May 1986. This corresponds to high stream  flow conditions (as 
much as 3 m3/s) resulting from snowmelt. High stream  flow masks ground-water 
influx to the creek. This also is true for July 1986 data. Stream  w ater collected 
in September shows ab rup t changes to more depleted values along many of the 
reaches of Bishop Creek. This is because flow conditions have decreased to the 
point th a t ground-water discharge is significant. Thus, quantifying ground-water
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discharge using the isotope-mass balance equation is only possible during low 
flow conditions.
Figures 19 and 20 are plots of 8 D values versus distance for M ay and Sep­
tem ber 1986, along the Middle Fork of Bishop Creek. The 5D  values stay  uni­
form over distance along each reach for May 1986. For both  M ay and September 
initial flows from the intake ponds are isotopically consistent because w ater in 
the penstock diverted upstream  of each power p lant is discharged into the pond 
before flowing out into another penstock to the next power plant. Thus, intake 
pond w ater is a mixture of penstock outflow (ultim ately lake outflow) plus 
ground-w ater influx into Bishop Creek. However, lake outflow is so much 
greater than  ground-w ater discharge th a t at each in take pond the isotopic com­
position of the w ater reflects lake outflow 8 D values. Thus, intake pond outflow 
is sim ilar a t all the power plants.
Figures 21 and 22 show the 5D  values for samples taken in 1987 and used 
in the isotopic-mass balance calculation. Table 12 shows the flow d a ta  for Bishop 
Creek during sampling in 1987. Appendix 4 shows flow d a ta  in cubic feet per 
second. Sg and St are standard  deviations of Qg and Qt, respectively.
Reach 1 begins a t the South Fork Intake and term inates a t the confluence 
w ith the Middle Fork. It is not listed in Table 12 because Qs could not be 
quantified. However, from Figures 21 and 22 it appears from the isotopic shift 
th a t th is reach is gaining ground w ater. Furtherm ore, the d a ta  suggest th a t 
m ost of this influx is between the Intake and Four Jeffrey Cam pground. Reach 
2 as listed in Table 7 only refers to  the lower portion of the reach, from the 
flume to  the confluence w ith the South Fork. As mentioned earlier, there is no 
stream  gauging device a t Intake 2. The upper portion of Reach 2 does not con­
ta in  a significant isotopic shift.
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TABLE 12. FLOW  DATA (m3/s  x 102) ALONG DIVERTED REACHES OF 
BISHOP CREEK, CALIFORNIA, 1987
Reach# Date Stage Height(cm)
Surface. Water 
Flow (Qs)
Ground-Water 
Flow (Qg)
Stand. Dev.
(Sg)
Total Flow 
(Qt)
Stand. Dev. 
(St)
2 7/20 12.2 8.10 5.41 1.39(26%) 13.51 1.61(12%)
10/2 10.7 6.57 2.21 1.64(74%) 8.78 2.24(26%)
3 7/21 11.3 7.16 4.30 1.30(31%) 11.47 1.50(13%)
10/2 7.60 3.88 2.72 1.08(39%) 6.60 1.13(17%)
4 7/21 3.70 1.22 0.54 1.16(210%) 1.78 1.84(100%)
10/2 4.60 1.76 0.31 2.89(910%) 2.07 2.89(140%)
5 7/21 18.9 16.1 - - 17.9 2.46(14%)
10/3 19.5 16.9 - - 19.0 3.34(18%)
6 7/21 2.40 0.65 - - - -
10/2 4.30 1.56 - - - -
7 7/21 - - - - - -
10/2 6.10 2.75 4.13 1.78(43%) 6.88 1.87(27%)
All other diverted reaches are shown in Table 12. Reaches 2 and 3 both 
show significant ground-w ater influx. A n interesting observation is the decrease 
in Qg from July  to  October along these stretches. This is probably due to  the 
decrease in ground-w ater recharge after the spring snowmelt. The 8 D values for 
Reach 3 also portray  only parts  of the reach have significant isotopic shifts. 
From  Figure 21, it is clear th a t for July significant 5D  (3 °/oo) increases only 
occur a t two stretches. October da ta  show th a t only one of the sampling points 
on this reach has a significant increase. This reveals th a t ground-water 
discharge is variable over small areas and time.
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Reach 4 has such large error measurements th a t the values given for Qg and 
Qt are meaningless. However, considering only the isotopic shifts along this 
reach, it shows th a t it is gaining ground w ater, a t least during the July sam­
pling. These uncertainties are a result of quantifying ground-w ater input w ith 
small isotopic shifts.
Reach 5 does not have a Qg value due to  masking by Coyote Creek. The 
8 D value of Coyote Creek is very depleted for surface w ater. This is because 
there are no reservoirs on the creek, making the residence time, and therefore the 
time for evaporation to occur, relatively short. Hence, Coyote Creek 5D  values 
reflect ground-w ater values. Total flow of this reach was determined by adding 
Coyote Creek flow to  the to ta l flow determined for Reach 4. Due to  masking 
effects, the ground-w ater contribution for Reach 5 could not be computed, and is 
not included in the Qt value.
The only reach th a t shows obvious negative effects due to  diversion is Reach 
6. Flow from Power P lan t 4 ceases on its course to  Power P lan t 5. In addition, 
this occurred in July 1988 approxim ately 100 meters downstream from a litholo- 
gic change from glacial till deposits to alluvial fill. This change to  a more perme­
able lithology probably contributes to the w ater loss on this reach. W hat is 
unclear is why Reach 7 is gaining, and also occurs in alluvial fill, while Reach 6 
is losing. I t m ay be due to a hydrologic barrier on Reach 6, th a t prevents 
ground-w ater influx. Diversion has had devastating effects on the vegetation on 
the lower part of Reach 6. The riparian vegetation is much more sparse along 
the dry stretch than  where the w ater is still flowing. Along the dry stretch, much 
of the underbrush has disappeared, and m any of the pine and willow trees are 
dead or dying.
Reach 7 appears to  be gaining ground w ater, at least in October. A problem
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w ith determining Qs was the presence of rocks in the th ro a t of the flume at 
Power P lan t 5. Because of this, stage height was not measured in July, and 
thus Qg and Qt could not be computed. The isotopic shift was only 2 °/oo in 
July, which is insignificant. The 8 D results did not indicate this to be a gaining 
reach for July. Rocks in the flume th roat impeded m easurements in October also, 
bu t stage height was still measured and assigned a 20% error. Results for Qg 
and Q t show significant ground-w ater discharge. It is unclear why there is such 
a significant shift in <$D values during October compared to  July. It may be due 
to  ground-w ater travel times from snowmelt to  the alluvial fan areas may be 
longer than  to  upper parts of the basin. This may shift discharge to  the creek to 
later in the season relative to up the canyon, which is closer to  where most 
recharge occurs. However, 5D  values along Reach 7 do not show a significant 
increase for Septem ber 1986. Another difference a t Reach 7 was th a t the <5Dg 
value used in determining Qg was not an average of spring and well samples 
throughout the watershed. There is a spring between Power P lan ts  5 and 6. The 
8 D value of this spring was used for <SDg. If this <5Dg value is not representa­
tive of the average ground-w ater influx to  the  creek, it would give erroneous 
results. U nfortunately, this is the only spring sam pled along this reach.
Electrical C onductivity  M easurem ents
Figures 23-25 show electrical conductivity (EC) values a t sample locations 
for September 1986, and July and October 1987. Because ground w ater has 
much higher EC values than  lake outflow waters, increasing EC values suggest 
ground-w ater input along th a t reach. G round-water EC values are highly vari­
able in the watershed, making quantifying flow unrealistic. However, general
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trends can be used to  support or refute the in terpretation of the isotope data.
There are no EC values for M ay or July 1986, due to  the lack of data. This 
was a period of high surface w ater flow th a t should mask the high EC input 
from ground w ater. The only EC values taken along a diverted reach is from 
South Fork  In take to  Four Jeffrey Cam pground. From  these two sites EC values 
are 44-46 m icrom hos/cm  in the downstream direction for May, and 37-37 
m icrom hos/cm  in the downstream direction for July. Ground-water input, asso­
ciated w ith high EC values, is masked by high surface w ater flow.
Electrical conductivity values increase by approxim ately 60-80 
m icrom hos/cm  for July and October 1987, along Reach 1 from South Fork 
Intake to Four Jeffrey Cam pground. EC values show little or no increase from 
the cam pground to the confluence w ith the Middle Fork. These results suggest 
th a t much of the ground-w ater contribution along this reach occurs between the 
Intake and the cam pground. This agrees w ith the results from the isotope data.
Reach 2 EC values do not show a similar trend as 5D  values for July. EC 
values increase equally from the Intake to the flume, and from the flume to  the 
confluence w ith the South Fork. However, deuterium d a ta  show no significant 
shift between the Intake and the flume. October EC trends do agree w ith the 
deuterium  data . EC d a ta  only increase 9 micromhos on the upper stretch and 33 
micromhos on the lower stretch.
Reach 3 has five sampling points for 1987. The greatest EC increases for 
both July and October coincide w ith the greatest increases in 8 D data. This sup­
ports the conclusion th a t ground-water discharge can vary widely over relatively 
small areas. A nother interesting observation is th a t EC values of outflow to the 
natural channel for Power P lan ts 2 and 3 are often nearly as high, or even 
higher than  inflow to the intake pond from the natural channel. One would
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expect th a t the high EC values found where the natural channel flows into the 
intake pond would be masked by the inflow to  the in take pond from the pen­
stock. This discrepancy is probably the result of incomplete mixing of the two 
waters in the pond and th a t not all w ater diverted into the penstock is also 
diverted back into each intake pond.
Reach 4 shows increases in EC of 20-50 micromhos for July and October 
1987. A lthough the  standard  error makes it impossible to  quantify the ground­
w ater influx using deuterium alone, trends shown by both  the deuterium and EC 
d a ta  provide credence th a t this is a gaining reach. However, the am ount is too 
small for the sensitivity of the isotopic-mass balance equation.
Reach 5 is prim arily Coyote Creek w ater. As mentioned earlier, EC and 
deuterium values reflect ground water. Thus, any ground-water discharge is 
masked. Reach 6 has no EC values for 1987 above Power P lan t 5 because the 
stream bed is dry. However, in September 1986, when 8 D values showed 
significant ground-w ater increases for all diverted reaches except Reach 6, EC 
values for th is reach also show little increase.
Reach 7 exhibits the greatest EC increase of any reach. This is partly  due 
to  influx of ground w ater w ith high EC values. If the spring EC values for this 
reach is characteristic of the average discharge, this corresponds to about a 60% 
increase in flow. The isotopic da ta  indicate a 150% increase in stream  flow.
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DISCUSSIO N OF T R EE W A T ER  D A TA
The 5D  values of w ater collected from most trees in the Bishop Creek 
w atershed are more depleted than  the 5D  values of possible w ater sources. How­
ever, piiion pine trees appear to  be an exception. There are several possible rea­
sons for the discrepancies in the data. One probable cause may be found in the 
laboratory distillation process. More specifically, the am ount of time th a t distil­
lation is carried out. If distillation is not carried to completion, isotopic fractio­
nation results, leaving the w ater collected in a depleted sta te  relative to  the resi­
dual w ater still in the wood shavings. Laboratory testing of the distillation pro­
cess a t Flam ingo W ash shows this to  be a potential problem.
The average 5D  values between cottonwood and birch trees differ by 10 °/oo 
in the Bishop Creek watershed. In addition to laboratory error, it appears there 
is species variation in w ater uptake. Differences in root morphology between 
species could affect the ratio of the types of w aters th a t are used in p lant meta­
bolism. Furtherm ore, not all trees were of the same size. Differences in size would 
result in differences in the ratio of heartwood versus sapwood in the tree samples 
collected. It also results in differences in root mass and pattern. It is also possi­
ble th a t there is fractionation of the w ater by the p lant. Due to problems as a 
result of the laboratory method, it is difficult to make interpretations on the iso­
topic differences from the tree w ater d a ta  in the Bishop Creek watershed.
D ata  from Flam ingo W ash a t the longer distillation times resulted in varia­
tions of the 8 D values of neighboring cottonwood trees by as much as 14 °/oo. 
This could reflect natural variations in the isotopic composition of soil and /o r
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ground w ater taken in by the trees. High isotopic variability is common in 
sandy soils, especially in hot desert regions. Biological fractionation could also 
result in the variation of the 8 D values found a t Flamingo W ash. If fractiona­
tion is occurring in these data, it appears th a t the fractionation process is vari­
able even between individuals of the same species. However, there is no proof 
linking biological fractionation w ith d a ta  either from trees sam pled a t Bishop 
Creek or Flam ingo W ash, and further study  is needed to determine the varia­
tions found in the tree data.
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SUM M ARY A N D  CO NCLUSIO NS
The isotopic composition of w inter precipitation, surface w ater, and 
ground-w ater samples collected from 1986-1988 a t Bishop Creek results in the 
equation:
5 D =  8.0<518O +  6
A slope of eight is expected when isotopic fractionation occurs under equilibrium 
conditions. The y-intercept relates to  the m agnitude of kinetic effects in the sys­
tem.
Snow samples were collected in January  and April of 1988. Snow data  
show the following trends:
1. Fresh and integrated snow data  are more depleted in January  th an  April.
2. There is no significant correlation between the isotopic composition of snow 
and elevation.
The sampling of snow in the spring gives an average isotopic composition of 
w inter recharge to  the basin. The average S D value of April 1988 integrated 
snow is -158 ° /o o . This value is modified by isotopic enrichment of the snowpack 
by evaporation before recharge occurs. The average S D value for summer pre­
cipitation events is -67 ° /o o  for 1988. Based on the isotope data  collected over 
this lim ited tim e period, w inter precipitation provides a t least 75% of the 
recharge to  the Bishop Creek basin. This value is not precise because ground­
w ater values are probably an integration of more than  one year of precipitation.
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Also, there are variations in the average recharge w ater’s 8 D values from year to 
year.
Samples of trib u ta ry  creeks to  the headw ater lakes collected in April 1988, 
have 8 D values th a t are 27 °/oo more enriched relative to spring snow samples. 
A t an average 8 D value of -131 °/oo, tr ib u ta ry  waters are w ithin laboratory 
m easurem ent error of average ground-w ater <5D values. Thus, it is concluded 
th a t these tr ib u ta ry  waters sampled in 1988 are derived from displaced ground 
water.
Sampling of lake waters and ground w ater show th a t they are significantly 
different isotopically. This allows for an isotopic-mass balance equation to be 
used to quantify ground-water discharge along diverted reaches. In July and 
October of 1987, diverted reaches show a range of ground-w ater input from zero 
to 0.054 m3/s . For July 1987, all diverted reaches are gaining w ith the exception 
of 6 and 7. F or October, all diverted reaches are gaining w ith the exceptions of 4 
and 6. The isotope d a ta  further show th a t ground-w ater discharge is not uni­
form along each diverted reach. Total flow through the gaining reaches varies 
from 0.018 m3/s  to  0.135 m3/s . However, before diversion took place average 
flow for Bishop Creek was 1.8 m3/s .  In its natu ra l state, it appears th a t 
ground-w ater input along the creek is insignificant relative to surface w ater flow. 
It is only due to  diversion, and resultant low streamflow th a t ground-water 
discharge is significant isotopically and can be assessed.
In the near future, minimum flows from all the intake ponds to  the natural 
channel will be required. Determining gaining and losing reaches will help in 
determining an optim um  intake pond outflow to each reach th a t will benefit not 
only the natural hab ita t but also the production of hydroelectric power. 
Diverted reaches th a t are gaining, such as in the upper reaches could support
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vegetation and aquatic wildlife w ith less initial streamflow than  along losing 
diverted reaches.
An attem p t was made to determine the source(s) of w ater to  vegetation at 
two sites in July and October 1987, and July  1988. However, most samples have 
<5D values th a t are depleted relative to  any possible w ater source. The con­
sistency of the isotope data  from tree w ater suggested th a t there was incomplete 
d istillation of the tree shavings. A laboratory test of several cottonwood trees 
along a single wash in Southern Nevada showed th a t in some cases insufficient 
distillation time did occur. F urther study is needed to  test various laboratory 
m ethods for removing w ater from trees before field studies can be used to deter­
mine tree w ater sources.
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RECO M M ENDATIO NS FO R  FU T U R E  RESEARCH
The hydrology of Bishop Creek is too complex to model using one year of 
isotopic data . The use of precipitation gauges and snow sampling for several 
years would provide valuable data, and lead to better interpretations of the con­
tribu tions to  recharge from w inter and sum m er precipitation. The additional 
d a ta  would help determine the variability of the isotopic composition of both 
snow and rain. It would also help in determining a residence time of ground 
w ater in the basin.
Wells were drilled at several points along Bishop Creek in the late autum n 
of 1988. Sampling and depth to  w ater measurements could contribute to  a better 
understanding of surface w ater/ground-w ater interactions along the creek. The 
wells will also be useful in detecting a possible gradient in the isotopic composi­
tion of the ground w ater w ith altitude. If a  gradient is found it may be related 
to mixing patterns in the watershed. However, more enriched isotopic values at 
lower elevations m ay not be related to altitude effects. It may be a mix of older 
ground w ater relative to  ground w ater in the upper basin responding to  natural 
variability  from year to year. Analyzing samples throughout the watershed for 
tritium  m ay be able to detect any age differences of ground w ater from various 
elevations in the watershed.
Probably  the most perplexing problem of this study was the use of tree 
shavings to  detect w ater sources at various times of the year. The next step here 
would be to  study  the precision and accuracy of other techniques th a t have been 
developed to collect wood samples from trees for analysis. These other methods
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include freeze drying, chemical, and "pressing" methods. This could prove 
w hether any of these methods are useful in tree-water studies or if isotopic frac­
tionation is occurring within the tree.
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APPENDIX 1
C oyote Creek, California, Average M onthly D ischarge in m3/s  (cfs) 
for W ater Years 1977-1987 (D ata  O btained From  SCE)
D ate (m o/yr) Mean Daily M aximum Daily Minimum
9/87
8/87
7/87
6/87
5/87
4/87
3/87
2/87
1/87
12/86
11/86
10/86
9/86
8/86
7/86
6/86
5/86
4/86
3/86
2/86
1/86
12/85
11/85
10/85
9/85
8/85
7/85
6/85
5/85
4/85
3/85
2/85
1/85
12/84
11/84
10/84
9/84
8/84
7/84
6/84
0.15 (5.3) 
0.15 (5.2) 
0.15 (5.3) 
0.18 (6.5) 
0.24 (8.6) 
0.28 (10) 
0.24 (8.7) 
0.24 (8.7) 
0.25 (9.0) 
0.25 (9.1) 
0.27 (9.5) 
0.27 (9.6) 
0.26 (9.3) 
0.24 (8.4) 
0.27 (9.6) 
0.36 (13) 
0.39 14) 
0.31 ( l l )  
0.23 (8.1) 
0.21 (7.4)
0.20 (7.2) 
0.21 (7.6) 
0.22 (7.9) 
0.34 (12) 
0.25 (8.9) 
0.26 (9.2) 
0.27 (9.5) 
0.28 (9.9)
0.26 (9 .3 ) 
0.25 (9.I) 
0.24 8.5) 
0.25 (8.8) 
0.25 (9.2) 
0.28 (10)
0.16 (5.6) 
0.16 (5.5)
0.16 (5 .8)
0.22 (7.8) 
0.31 (11) 
0.26 (9.3) 
0.26 (9.3) 
0.25 (9.1) 
0.27 (9.6) 
0.27 (9.5) 
0.28 (10) 
0.28 (l0) 
0.31 ( l l )  
0.25 (8.9) 
0.34 (12) 
0.56 (20) 
0.59 (21) 
0.45 (l6) 
0.31 ( l l )  
0.28 (lO) 
0.20 (7.3) 
0.20 (7.0 
0.20 7.0) 
0.19 (6.8) 
0.20 (7.3) 
0.19 (6.8) 
0.27 (9.7) 
0.31 (11) 
0.25 (9.1) 
0.50 (18) 
0.27 (9.5) 
0.27 (9.5) 
0.28 (9.9) 
0.28 (10) 
0.31 ( l l )  
0.31 ( l l )  
0.25 (9.0) 
0.28 (9.9) 
0.36 (13) 
0.31 (11)
0.14 (5.0) 
0.14 (5.O) 
0.14 (5.1) 
0.16 (5.6) 
0.20 (7.2) 
0.23 (8.1) 
0.24 (8.4) 
0.24 (8.4) 
0.24 (8.5) 
0.24 (8.5) 
0.25 (8.9) 
0.26 (9.3) 
0.24 (8.7) 
0.22 (8.0 
0.25 (8.9) 
0.28 (10) 
0.28 (lO) 
0.22 (8.0) 
0.20 (7 .3) 
0.18 (6.6) 
0.19 (6.7) 
0.17 (6.1) 
0.18 (6.6) 
0.18 (6.3) 
0.16 (5.9) 
0.16 (5.6) 
0.19 (6.8) 
0.20 (7 .O) 
0.20 (7 .I)
0.23 (8.2) 
0.24 (8.7) 
0.24 (8.5) 
0.25 (9 .I) 
0.25 (9 .I) 
0.21 (7.4 )
0.23 (8.3) 
0.22 (8 .0 ) 
0.23 (8.1) 
0.23 (8.4) 
0.25 (9.0)
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5/84
4/84
3/84
2/84
1/84
12/83
11/83
10/83
9/83
8/83
7/83
6/83
5/83
4/83
3/83
2/83
1/83
12/82
11/82
10/82
9/82
8/82
7/82
6/82
5/82
4/82
3/82
2/82
1/82
12/81
11/81
10/81
9/81
8/81
7/81
6/81
5/81
4/81
3/81
2/81
1/81
12/80
11/80
10/80
9/80
8/80
7/80
6/80
5/80
4/80
3/80
2/80
1/80
0.34 (12) 
0.36 (13) 
0.36 (13) 
0.34 (12) 
0.36 (13) 
0.36 (13) 
0.39 (14) 
0.39 (14) 
0.36 (13) 
0.39 (14) 
0.39 (14) 
0.62 (22) 
0.48 (17) 
0.23 (8.1) 
0.22 (8 .0 ) 
0.22 (7.9) 
0.22 (7.7) 
0.21 (7.6) 
0.20 (7.3) 
0.22 (8 .0 ) 
0.34 (12) 
0.18 (6.5) 
0.20 7.2 
0.23 (8.4) 
0.28 (10) 
0.26 (9.4) 
0.18 (6.5) 
0.18 (6.5) 
0.18 (6.4) 
0.18 (6.5) 
0.18 (6.4) 
0.17 (6.2) 
0.14 (5.1) 
0.13 (4.8) 
0.14 (5.1) 
0.16 (5.9) 
0.21 (7.6) 
0.31 (11) 
0.21 (7.5) 
0.20 (7.2) 
0.19 6.7 
0.19 6.7 
0.18 (6.6 
0.17 (6.1 
0.16 (5.8) 
0.16 (5.7) 
0.18 (6.3) 
0.28 (10) 
0.34 (12) 
0.21 (7.4) 
0.13 (4.8) 
0.13 (4.8) 
0.13 (4.8)
0.36 (13) 
0.42 (15) 
0.42 (15) 
0.36 (13) 
0.39 (14) 
0.39 (14) 
0.39 (14) 
0.45 (16) 
0.42 (15) 
0.53 (19) 
0.48 (17) 
0.78 (28) 
1.0 (36) 
0.25 (8.9) 
0.24 (8.5) 
0.23 (8.2) 
0.22 (8 .0 ) 
0.24 (8.5) 
0.23 (8.4) 
0.31 (11) 
1.4 (51) 
0.26 (9.4) 
0.36 (13) 
0.39 (14) 
0.50 (18) 
0.56 (20) 
0.19 (6.7) 
0.19 (6.9) 
0.18 (6.6) 
0.20 (7.2) 
0.20 (7.0) 
0.19 (6.9) 
0.15 (5.5) 
0.15 (5.2) 
0.16 (5.9) 
0.18 (6.4) 
0.34 (12) 
0.53 (19) 
0.22 (7.9) 
0.21 (7.4) 
0.20 (7.2) 
0.20 (7.2) 
0.20 (7.2) 
0.18 (6.4) 
0.19 (6.7) 
0.17 (6.1) 
0.23 (8.4) 
0.34 (12) 
0.45 (16) 
0.31 (11) 
0.14 (4.9) 
0.16 (5.7 
0.22 (8.0
0.31 (11) 
0.31 (11) 
0.31 (11) 
0.27 (9.7) 
0.36 (13) 
0.36 (13) 
0.36 (13) 
0.36 (13) 
0.34 (12) 
0.34 (12) 
0.36 (13) 
0.48 (17) 
0.24 (8.5) 
0.21 (7.6) 
0.22 7.7) 
0.22 (7.7) 
0.20 (7.2) 
0.20 (7.3) 
0.15 (5.3) 
0.18 6.5 
0.17 (6.1) 
0.16 (5.9) 
0.18 (6.3) 
0.20 (7.3) 
0.22 (7.9) 
0.18 (6.3) 
0.17 (6.2) 
0.17 (6.2) 
0.16 5.9) 
0.17 (6.2) 
0.16 5.6) 
0.15 (5.4) 
0.13 (4.7) 
0.13 (4.6) 
0.13 (4.7) 
0.15 (5.5) 
0.18 (6.4) 
0.20 (7.0) 
0.20 (7.0) 
0.20 (7.0) 
0.18 (6.3) 
0.12 (4.3) 
0.18 (6.3) 
0.16 (5.7) 
0.15 (5.3) 
0.16 (5.6) 
0.16 (5.9) 
0.20 (7.3 
0.22 8 .0) 
0.14 (4.9) 
0.13 4.7) 
0.11 (4.6) 
0.10 (3.6)
92
12/79
11/79
10/79
9/79
8/79
7/79
6/79 .
5/79
4/79
3/79
2/79
1/79
12/78
11/78
10/78
9/78
8/78
7/78
6/78
5/78
4/78
3/78
2/78
1/78
12/77
11/77
10/77
0.12 (4.2) 
0.12 (4.4) 
0.11 (4.1) 
0.11 (3.8) 
0.10 (3.7) 
0.10 (3.6) 
0.11 (3.9) 
0.15 (5.5) 
0.18 (6.6) 
0.15 (5.3) 
0.14 (4.9) 
0.14 (4.9) 
0.13 (4.8) 
0.14 (5.0) 
0.13 (4.5) 
0.13 (4.5) 
0.12 (4.2) 
0.13 (4.6) 
0.25 (8.9) 
0.25 (9.1) 
0.14 (5.0) 
0.13 (4.5) 
0.11 (4.1) 
0.11 (3.8) 
0.10 (3.6) 
0.10 (3.7) 
0.09 (3.4)
0.13 (4.6) 
0.13 (4.7 
0.13 (4.7) 
0.14 (4.9) 
0.13 4.6 
0.12 (4.2) 
0.12 (4.4) 
0.22 (8 .0 ) 
0.28 (10) 
0.17 (6.0)
0.13 (4.8) 
0.20 (7.2) 
0.12 (4.4) 
0.16 (5.6) 
0.36 (13) 
0.39 (14) 
0.17 (6.1) 
0.17 (6.0) 
0.12 (4.3) 
0.11 (4.1 
0.12 (4.2 
0.11 (3.8 
0.11 (3.8
0.08 (3.0) 
0.09 (3.4) 
0.11 (3.9) 
0.10 (3.5) 
0.09 (3.1) 
0.09 (3.3) 
0.10 (3.7) 
0.12 (4.4) 
0.14 (5.0) 
0.13 (4.8) 
0.13 (4.8) 
0.13 (4.7) 
0.10 (3.5) 
0.13 (4.6) 
0.11 (4.1) 
0.11 (4.1) 
0.11 (4.1) 
0.11 (4.1 
0.16 (5.6 
0.16 (5.6 
0.12 (4.3) 
0.11 (4.1) 
0.11 (3.8) 
0.10 (3.7) 
0.08 (3.0) 
0.08 (2.8) 
0.08 (3.0)
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APPENDIX 2A
Snow  Sam ples, January 16-18, 1988, B ishop Creek W atershed,
California
Sample # Location Type Elevation (meters) Date 6 D S 180
1 South Lake (south end) Integrated Snow 2975 1/18 -185 -24.3
o South Lake (south end) Fresh Snow 2975 1/18 -229 -29.2
3 South Lake (north end) Integrated Snow 2975 1/18 -177 -23.1
4 Parcher’s Camp Integrated Snow 2830 1/18 -185 -24.0
5 Parcher's Camp Fresh Snow 2830 1/18 -219 -28.4
6 South Fork Road Integrated Snow 2680 1/18 -183 -23.6
7 South Fork Road Fresh Snow 2680 1/18 -221 -28.6
8 South Fork Road Integrated Snow 2560 1/18 -179 -23.7
9 South Fork Road Fresh Snow 2560 1/18 -198 -25.5
10 Lake Sabrina (south end) Integrated Snow 2790 1/16 -169 -22.6
11 Lake Sabrina (west end) Integrated Snow 2790 1/16 -181 -23.4
12 Lake Sabrina (east end) Integrated Snow 2790 1/16 -183 -23.9
13 North Lake (east end) Integrated Snow 2820 1/16 -189 -24.6
14 North Lake (north end) Integrated Snow 2820 1/16 -175 -22.8
15 Middle Fork Road Integrated Snow 2575 1/16 -179 -22.8
16 South Fork Road Fresh Snow 2380 1/18 -183 -24.0
17 Roadside Fresh Snow 2130 1/18 -178 -23.1
18 Roadside Fresh Snow 1830 1/18 -173 -22.6
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APPENDIX 2B
Snow , T ributary, and Lake O utflow  Sam ples, April 13-15, 1988  
B ishop Creek W atershed, California
mple # Location Type Elevation (meters) Date S  D o
CO
1 South Lake (south end) Integrated Snow 2975 4/13 -164 -21.3
o South Lake (south end) Tributary 2975 4/13 -139 -18.1
3 South Lake (east end) Integrated Snow 2975 4/13 -171 -22.5
4 South Lake (east end) Fresh Snow 3000 4/13 -127 -16.0
5 South Lake (north end) Tributary 2975 4/13 -134 -17.6
6 South Lake Outflow Stream Water 2975 4/13 -119 -15.4
7 Lake Sabrina (south end) Tributary 2790 4/14 -131 -17.2
8 Lake Sabrina (south end) Tributary 2790 4/14 -127 -16.8
9 Lake Sabrina (south end) Integrated Snow 2790 4/14 -157 -20.1
10 Lake Sabrina (south end) Tributary 2790 4/14 -131 -16.8
11 Lake Sabrina (south end) Tributary 2790 4/14 -130 -17.1
12 Lake Sabrina (north end) Tributary 2790 4/14 -130 -16.9
13 Lake Sabrina (north end) Fresh Snow 2790 4/14 -158 -19.9
14 Lake Sabrina Outflow Stream Water 2790 4/14 -121 -15.5
15 North Lake Fresh Snow 2820 4/14 -160 -20.8
16 North Lake Tributary 2820 4/14 -126 -16.3
17 North Lake Integrated Snow 2820 4/14 -139 -17.5
18 North Lake Outflow Stream Water 2820 4/14 -126 -16.3
19 North Fork Road Fresh Snow 2730 4/14 -159 -20.5
20 South Fork Road Fresh Snow 2560 4/15 -194 -25.1
21 South Fork Road Fresh Snow 2380 4/15 -201 -25.8
22 Roadside Fresh Snow 2130 4/15 -181 -22.9
23 Roadside Fresh Snow 1890 4/15 -194 -24.4
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A P P E N D IX  3
Sum m er P recip itation  Sam ples C ollected A t 2560 M eter E levation  
A t A spendell, B ishop Creek, California, 1988
S am ple#  Type Date 5 D (°/oo) 6180  (°/oo)
1 Rain 7/24 -45 -4.4
o Rain 7/25 -45 -5.8
3 Rain 8/5 -48 -6.4
4 Rain 8/23 -57 -7.0
5 Rain 8/25 -133 -17.7
6 Rain 8/26 -114 -13.0
7 Rain 9/0 -24 -3.1
8 Snow 9/20 -122 -17.1
APPENDIX 4
B ishop Creek, California, Surface W ater/G rou n d -W ater Sam ples
for 1986-1987
Site # Site Date 6 D ( 7 « ) 5 lsO(°/oo) T ( '  C) EC (umhos)
1 South Lake Outflow 5/28/86 -126 -16.5 2.4 31
7/22/86 -121 -16.3 10.5 15
9/27/86 -123 -16.9 6.1 21
7/20/87 -121 -16.1 4.5 38
10/2/87 -116 -15.0 11.2 26
2 South Fork 5/28/86 -123 5.8 33
7/22/86 -122 10.7 25
9/27/86 -122 -16.6 5.1 29
7/20/87 -125 -16.7 8.3 51
10/3/87 -117 9.6 31
3 Bishop Creek Lodge Spring 5/28/86 -132 -16.7 9.0 143
7/22/86 -136 -17.8 9.4 145
9/27/86 -132 -17.7 6.2 151
7/21/87 -137 -18.2 17.2 135
10/2/87 -133 14.7 131
4 Spring 5/28/86 -131 -17.5 8.9 88
7/22/86 -134 -17.8 6.7 87
9/27/86 -132 -18.0 3.6 95
7/21/87 -135 -17.8 6.3 86
10/3/87 -133 5.6 82
5 Cameron Well 5/28/86 -136 -17.9 9.4 107
7/22/86 -134 -18.2 11.4 114
9/27/86 -135 -18.1 9.4 112
7/21/87 -137 -18.1 13.2 98
10/3/87 -135 -17.7 10.3 93
6 South Fork Intake 5/28/86 -122 -16.7 8.5 44
7/22/86 -122 10.8 37
9/27/86 -124 -16.7 5.1 44
7/21/87 -127 -16.9 7.2 76
10/3/87 10.5 50
7 Four Jeffrey Stream 5/28/86 -122 -16.6 8.1 46
7/22/86 -122 10.8 37
9/28/86 -131 -17.8 4.6 133
7/21/87 -136 -17.4 6.8 134
10/3/87 -135 10.0 116
8 Four Jeffrey Well 5/28/86 -135 -17.2
7/22/86 -133 -17.7
910
11
12
13
14
15
16
17
18
19
20
21
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9/27/86
7/21/87
10/3/87
-135
-137
-135
-17.7
-18.0
9.5
11.6
16.3
145.
125
135
Lake Sabrina Outflow 5/28/86 -119 -16.0 8.8 26
7/22/86 -121 -16.5 10.5 19
9/27/86 -117 -15.5 10.5 16
7/20/87 -118 -15.6 l i.8 18
10/2/87 -112 -14.7 ’.2.7 23
North Lake Outflow 5/28/86 11.9 31
7/22/86 -120 -16.2 10.0 17
9/27/86 -121 -15.7 10.9 32
7/20/87 -118 -15.4 11.0 21
10/2/87 -115 -15.4 11.8 36
Bishop Campground Well 5/28/86 -134 -17.8
7/22/86 -130 -17.5 15.2 110
9/27/86 -128 -17.0 8.3 117
7/20/87 -135 -17.9 14.5 134
10/2/87 -135 -17.8 17.1 113
Bishop Campground Stream 5/28/86 -123 -16.6 9.3 35
7/22/86 -120 -16.0 11.2 21
9/27/86 -114 -13.9 5.2 30
7/20/87 -119 -15.5 12.3 23
10/2/87 -115 12.1 33
Intake 2 5/28/86 -121 -16.3 9.9 41
7/22/86 -122 -16.4 11.1 24
9/27/86 -122 -16.5 4.1 40
7/21/87 -120 -16.1 11.8 38
10/2/87 -120 9.1 46
Spring 7/21/87
10/3/87
-135
-133
-17.5 9.7
8.2
167
189
Middle Fork Flume 7/20/87
10/2/87
-121
-118
-16.0 9.2
10.0
55
55
Middle Fork at Confluence 7/21/87
10/3/87
-127
-122
-16.5 11.4
10.2
70
78
South Fork a t Confluence 7/21/87
10/3/87
-135
-133
-17.7 10.7
9.7
129
130
Bishop Creek below Confluence 7/21/87
10/3/87
-128
-126
-16.8 11.5
10.0
83
92
Plant 2 above Intake Pond 5/28/86 -124
7/22/86 -134 12.2 32
9/27/86 -129 -17.2 6.7 110
7/21/87 -129 -16.7 12.5 106
10/2/87 -125 9.9 103
Plant 2 at Intake Pipe 5/28/86 -124
7/22/86 -121 10.6 29
9/27/86 -121 -16.2 5.6 35
7/21/87 -119 -16.0 12.0 36
10/2/87 -117 9.4 50
Plant 2 below Spillway 5/28/86 -123
98
7/22/86 -122 12.0 34
9/27/86 -120 -15.8 5.6 44
7/21/87 -120 -15.9 12.2 37
10/2/87 -117 9.0 44
22 Bishop Creek at Big Trees Road 7/22/87 -119 11.0 38
10/2/87 -118 11.4 49
23 Bishop Creek a t Horse Corral 7/22/87 -122 11.3 67
10/2/87 -124 12.0 86
24 Bishop Creek a t Loop Road 7/22/87 -123 11.6 71
10/2/87 -124 13.1 86
25 Plant 3 above Intake Pond 5/28/86 -123
7/22/86 -122
9/27/86 -127 -16.7 8.3 108
7/21/87 -126 16.3 101
10/2/87 -124 11.8 98
26 Plant 3 a t Intake Pipe 5/28/86 -123
7/22/86 -122
9/27/86 -123 -16.2 6.1 57
7/21/87 -121 12.2 37
10/2/87 -119 9.6 58
27 Plant 3 belGw Spillway 5/28/86 -124
7/22/86 -121 10.6
9/27/86 -124 -16.6 8.9 121
7/21/87 -123 16.4 103
10/2/87 -121 10.9 87
28 Coyote Creek 5/28/86 -131
9/27/86 -134 -18.0 5.3 141
7/21/87 -133 9.6 127
10/3/87 -136 9.3 135
29 Bishop Creek above Confluence 7/21/87 -127 17.0 137
10/3/87 -123 14.9 127
30 Plant 4 above Intake Pond 5/28/86 -123
7/22/86 -122
9/27/86 -134 -16.7 6.6 140
7/21/87 -134 14.1 127
10/2/87 -134 9.3 124
31 Plant 4 a t Intake Pipe 5/28/86 -124
7/22/86 -122
9/27/86 -121 -16.4 6.0 46
7/21/87 -118 13.1 36
10/2/87 -121 9.5 50
32 Plant 4 below Spillway 5/28/86 -123
7/22/86 -123
9/27/86 -120 -15.3 11.5 89
7/21/87 -120 18.9 78
10/2/87 -120 14.2 76
33 Plant 5 above Intake Pond 5/28/86 -123
7/22/86 -122
9/27/86 -121 -15.6 13.9 98
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7/21/87 X X X X
10/2/87 X X X X
34 Plant 5 at Intake Pipe 5/28/86 -125
7/22/86 -122
9/27/86 -122 -16.5 6.3 52
7/21/87 -121 13.1 40
10/2/87 -119 9.9 56
35 Plant 5 below Spillway 5/28/86 -122
7/22/86 -122
9/27/86 -122 -16.4 9.1 56
7/21/87 -120 15.6 46
10/2/87 -117 11.4 57
35 Spring between Plants 5 & 6 9/28/86 -128 -16.8
7/21/87 -129 -16.8 15.7 217
10/3/87 -127 -16.4 16.3 272
37 Plant 6 above Intake Pond 5/28/86 -123
7/22/86 -123
9/27/86 -124 -16.2 13.3 130
7/21/87 -122 21.0 132
10/2/87 -123 12.3 142
38 Plant 6 at Intake Pipe 5/28/86 -123
7/22/86 -122
9/27/86 -124 -16.5 6.4 53
7/21/87 -119 13.4 40
10/2/87 -119 9.7 56
39 Plant 6 below Spillway 5/28/86 -124
7/22/86 -123
9/27/86 -123 -16.5 6.4 53
7/21/87 -120 13.3 43
10/2/87 -118 9.8 57
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APPEN DIX 5
Flow  D ata  A long D iverted R eaches o f B ishop Creek, 
California, 1987
Reach# Date Stage Height(ft) Qa(cfs) Qg(cfs) Sg Qt(cfs) St
2 7/20 0.40 2.86 1.91 0.49(26%) 4.77 0.57(12%)
10/2 0.35 2.32 0.78 0.58(74%) 3.10 0.79(26%)
3 7/21 0.37 2.53 1.52 0.46(31%) 4.05 0.53(13%)
10/2 0.25 1.37 0.96 0.38(39%) 2.33 0.40(17%)
4 7/21 0.12 0.43 0.19 0.41(210%) 0.63 0.65(100%)
10/2 0.15 0.62 0.11 1.02(910%) 0.73 1.02(140%)
5 7/21 0.62 5.68 - - 6.31 0.87(14%)
10/3 0.64 5.97 - - 6.70 1.18(18%)
6 7/21 0.08 0.23 - - - -
10/2 0.14 0.55 - - - -
7 7/21 - - - - - -
10/2 0.20 0.97 1.46 0.63(43%) 2.43 0.66(27%)
